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ABSTRACT 
This research work has been carried out to utilize daylight more effectively for indoor 
illumination in an energy efficient building without any compromise on indoor 
environmental quality; especially the visual comfort on task plane. Two different 
daylighting systems have been designed and constructed, and a series of tests have been 
performed to assess their photometric characteristics as well as their performance. A typical 
system considered has an optic concentrator capable of tracking the sun and making high 
density fluxes of solar rays. It consists of either dish or funnel shaped concentrators 
followed by optical fiber cables and diffusers at the end. The design of a dish concentrator 
(diameter less than 30 cm) is prepared by rotating a simple parabolic profile in compliance 
with the major physical requirements. This geometrical simplicity has also been applied for 
the design of a funnel shaped concentrator created by combining two parabolas. When the 
sunlight is highly focused, it is then redirected and undergoes a number of reflections to 
enter a light guide for its final transmission to the terminal device. The light reaching the 
terminal device finally gets consumed by the interior of a building for indoor illumination. 
The active daylighting system considered in this study offers substantial advantages 
over conventional solar designs in its fabrication, installation, operation, and utilization of 
the sun's energy. The proposed daylighting system is durable and suited to economical 
operation for different schemes of indoor illumination of buildings. Each component of the 
system could be made from off-the-shelf technology, thus making the generic unit 
inexpensive to manufacture. Depending on spatial demand or characteristics, the amount of 
daylight introduced could be controlled without undue difficulties. 
To assess the photometric characteristics of a daylighting system, goniophtometer and 
spectrometer measurements are made, which provided its luminous intensity distribution and 
11 
spectral radiance. The spatial distribution of light emerging from the optical cable is 
examined by monitoring the workplane illuminances for the mock-up spaces in Nottingham 
(UK) and Jeju (Korea). Six different types of terminal devices (optical lenses, light rod) are 
also examined experimentally to elicit the most optimal design for use with a daylighting 
system. Of those tested, the circular shape acrylic rod spreads out the light most widely 
followed by semi-concave lens whereas the semi-convex lens has shown the smallest light 
spreading ability. The test results have revealed some distinctive features of the present dish- 
daylighting system in bringing natural daylight to non-daylit areas or interior spaces too deep 
for conventional daylighting apertures. Especially, it proved the effectiveness of the system 
when applied for individualized lighting allowing individual control over the amount of light 
in space and to suit individual preferences for lighting conditions. Experimental data from 
measurements are further extended to develop the numerical models with RADIANCE and 
ECOTECT for theoretical predictions under different situations. 
The image of luminance ratio maps generated by RADIANCE and the fish-eye 
photographs of the sky were conducive to realistic assessment of possible glare reduction and 
uniformity improvement not just for the task plane but also for its surroundings. There were 
some appreciable changes made in the indoor luminance distribution thanks to our 
daylighting system. It has clearly demonstrated its functional reliability and usefulness to 
control brightness and thus promote indoor visual environment. 
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1. INTRODUCTION 
1.1 Background 
The statistics show that Europe and Asia are responsible for more than seventy percent of 
the amount of carbon release in the atmosphere. The situation is worsening and there has 
been little relief done since the Kyoto Protocol in 1997. Burning fossil fuels has steadily 
increased the carbon dioxide content in the air, which progressively contributed to climate 
changes around the world causing floods and other natural catastrophes. Global warming has 
now become a global warning such that everyone agrees on the need for immediate action, 
especially, by the leading industrialized nations such as UK, USA, China, Japan and etc. 
Many can be done to ameliorate the situation by reducing the use of fossil fuels in 
various areas. Of these, a great deal of contribution could be made in the area of building 
energy by operating more energy efficient and sustainable buildings. It is estimated that 
around 80% of the UK electricity is generated by burning fossil fuels and 20% of the 
electricity generated is used for indoor lighting. The situation is quite similar in Korea except 
its comparatively heavier dependency on nuclear energy(-20%). Nevertheless, the country 
still imports about 97% of its total energy needs from abroad. 
It is the responsibility of building designers, especially, architecture and lighting 
engineers to minimize electricity consumption whilst, at the same time, to deliver a high- 
quality lit environment for the occupant it aims to serve. This clearly requires a progressive 
design strategy incorporating energy efficiency, renewable energy and sustainable building 
design schemes, which deem essential in its design of an efficient building. Energy-efficient 
buildings, generally, reduce both resource depletion and the adverse environmental impacts 
of pollution generated by energy consumption. They are designed to control, collect, and 
store the sun's energy to optimum advantage on the basis of establishing an integrated, 
whole-building design which includes heating, cooling, and lighting. 
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The most important condition for determining the application domain of a low-energy 
design is whether it is well matched with the other elements of the system to produce an 
energy efficient building that satisfies both environmental and functional needs of its users, 
rather than where it should be installed. In other words, it is not the separate components and 
materials that matter the most, but the capacity of the various parts to work together to 
achieve the desired results. 
A low-energy design process could begin with energy efficient lighting as it requires 
concomitant design considerations on heating and cooling. It generally pays particular 
attention to solar design strategies including building orientation and glazing for indoor 
illumination. This is because no artificial lighting is as energy-efficient and healthy as natural 
daylight. There are currently active, passive and hybrid schemes available for daylighting 
applied in harmony with artificial lighting. Depending on its lighting efficiency, it could 
consume substantially less electricity without compromising occupant comfort or the 
building's functionality. 
1.2 Recent Work in Energy Efficient Buildings 
Owing to the energy crises and urgency of global warming and other environmental 
concerns, green/sustainable building- the synonym of today's high-performance building 
[Lerum 2008; Yudelson 2007] 
- 
has become a fast-moving movement across most of the 
world in recent years. (Strictly speaking, the word "green" does not include the full 
meaning of sustainability as was pointed out in [ASHRAE 2006]. Sustainability is 
maintaining ecological balance. On the other hand, some characteristics of green design 
such as indoor environmental quality have no impact on maintaining ecological balance. ) 
The LEED (Leadership in Energy and Environmental Design) rating systems and design 
guides for green buildings developed by the U. S. Green Building Council (USGCB) were 
cited and discussed in most new architecture or green building books [e. g., Bonda]. For a 
building to be rated or certified as green or high-performance, it must score higher than 
2 
standard (or code) buildings in several categories such as water and energy efficiencies, 
indoor environmental quality, and conservation of materials and resources [Yudelson 2007]. 
Of these, energy efficiency is one of the most significant indicators when evaluating the 
sustainability performance of an architectural design. Energy and economic considerations 
are taken into account more rigorously in determining the sustainability of a building. 
Large and ever-increasing numbers of books, reports, and papers on energy efficient 
buildings have been published since 1990s. The major publishers and/or contributors of this 
topic include EEBA (Energy Efficient Building Association), USGBC, US DOE, and 
ASHRAE in the United States, and their equivalent institutes or counterpart organizations in 
other countries. Companies, organizations, or websites with the ancient Greek OIKOS in 
their names focus on ecology and sustainability, and are also good sources for information 
about energy 
-efficient buildings and residential houses. Some educational institutes have 
published their faculty's notes and work for students interested in improving building energy 
efficiency. Juodis' book is one of the latest self-study books intended to assist architecture 
students in designing buildings that meet both efficient energy use and architectural 
requirements [Juodis 2007]. 
In the United States, Energy Star (a US government 
-backed program to identify and 
promote energy- efficient products [Bonda 2007])-qualified homes must be at least 15 % 
more energy 
- 
efficient than homes built to the 2004 International Residential Code. Each 
Energy Star rated residential house is estimated to save about 2000 kWh (kilowatt-hours) of 
electricity annually [Yudelson 2008]. As of the year 2007, there were no international 
standards established for building energy performance [Lerum 2008]. At present, building 
annual energy consumptions still vary significantly among developed countries. For 
instance, the annual specific energy use of educational buildings in the United States was 
about 250 kWh/m2 in 1999. In comparison, school buildings in Norway were required to 
meet a predicted annual specific energy use of about 110 kWh/m2 by the year of 2009 
[ASHRAE 1999; Lerum 2008]. 
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A variety of innovative ideas and methods have been developed and tested lately for 
improving the energy efficiencies of building heating, lighting and air conditioning systems 
led by BRE and research institutions in UK [BRE 2007; Communities and Local Government 
Publications 2008]. Architectural designs for reduced heating and cooling loads and 
illumination costs, such as sun-facing glazing and sunshades and deflectors, have been 
extensively studied on today's high- performance buildings [ARUP 2001]. Especially, 
innovative low-energy building designs applying the distributed energy generation concept 
were developed to improve the energy efficiency and/or reduce greenhouse gas emissions and 
environmental impacts of existing buildings and residential houses. Much emphases were 
made to match the energy demand by resorting to renewable resources along with the 
adaptation of buildings to climate change (e. g., green retrofit-buildings). 
1.3 Wherefore Daylight 
Daylight has the wavelengths between 350 nm to 700 nm and it is a minor fraction of 
the solar spectrum which appears visible and naturally-adapted to the human eyes. Thus, 
daylight is the datum against which how we view things and provides a comparison of colors 
and brightness. Architecturally, a well-designed building has major consideration for natural 
light penetration into the interior and, the skillful deposition of daylight into key interior 
spaces may dictate how the facade of a building is formalized. Hence, the harvesting and 
deposition of daylight into the interior of buildings is often deemed as a critical element in the 
design of buildings of high architectural quality. 
Daylight is the healthiest and most efficient naturally available light source around us, 
which is also renewable and free. The provision of daylight in a building is linked to the 
spatial and architectural design, namely- windows and surfaces are visually expressive and 
thus, it should be of interest to the architects and building owners. On the other hand, the lack 
of daylight exposure may cause physical, mental and emotional well-being of a person. For 
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example, the Seasonal Affective Disorder (SAD) or commonly known as `Winter Blues', 
affects many people during the winter period. Daylight exposure is an effective cure for SAD 
where a patient is simple exposed a bright light environment (about 2500 lux) for an hour or 
so per day. Domestic or office lighting only provides 200-500 lux on average. 
The provision of daylight in a building is strongly linked to the spatial and architectural 
design. Unlike other environmental services, the elements of daylighting 
- 
windows and 
surfaces 
- 
are surely the most visual and expressive. For this reason windows have a long 
history of attention from Architects; indeed, architectural style has been defined by patterns 
of fenestration probably more than by any other single characteristic. It should be of interest 
then, to the architect, that daylighting design also has a strong influence on both the energy 
use of a building and general comfort and well-being of the occupants. 
1.4 Daylight for Energy Efficiency 
Throughout human history, daylight has played an essential role for its survival. Daylight 
was the only source of light and energy before the advent of fire and electricity where 
humans started to look for other means to supplement daylight. Despite many inventions 
achieved by human ingenuity, daylight is still considered as one of the most important factors 
in our daily lives. Daylight is the highest quality and most efficient light and energy source 
naturally available that is not just free but clean and inexhaustible. 
Daylighting can save energy and our environment. If applied appropriately, it could 
displace the use of electrical energy and fossil fuels that will definitely add more CO2 in the 
atmosphere. Almost half the energy spent in the UK is used up in buildings, and one third in 
non-domestic buildings. As such, reducing the energy use in these buildings is crucial, as 
many are aware, for lessening the total amount of energy consumed and of CO2 emitted, and 
thus the effects of energy use on the environment. 
The UK Government's has recently announced its ambitious plan to reduce the national 
carbon dioxide (CO2) emissions by 80% till 2050. It has also identified and call for 
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improvement in energy requirements for buildings as space heating, cooling and indoor 
illumination make the significant proportion of the country's CO2 emissions. There has been 
an even tougher proposition made to reduce CO2 by 25% (from 2006 levels) before 2010 and 
44% reduction by 2013 and for all new homes to be zero carbon by 2016. The "zero 
carbon" definition has not yet been fully agreed and leaves much room for discussion 
involving various sectors of society. Nevertheless, it is imperative to take the first step on the 
journey towards zero carbon buildings. 
Daylighting has been a part of built form for a long time to provide heat and illumination 
for buildings. Although there has been a period of artificial lighting by fluorescent lamps in 
most buildings thanks to cheap energy prices, the need to use daylight has existed during 
most of architectural history. Especially, these days where greater emphasis is being laid on 
sustainable development, the use of daylight has become more important and meaningful for 
environmental and energy(cost) reasons. Good daylighting not just affects a building's 
interior spatial characteristics but also increases its energy efficiency and sustainability. 
These days, Asian and European countries are leading the way in developing innovative 
architectural designs that include extensive use of daylighting and passive solar strategies. 
Increasing energy efficiency and sustainability are clearly the major motivating factors not 
mentioning the issue of health and well-being of occupants. 
1.5 Daylighting Technologies 
From a designer's point of view, it is always possible to harvest daylight and introduce 
deep into a space of a building while controlling the space or target brightness within the 
users' fields of vision. Such designs could be made with both human comfort and energy 
efficiency as key design parameters. If there were even daylight distribution throughout a 
space with constant intensity by controls, one can say that the full benefits of the day-lighting 
design is realized. The implementation process could be difficulty as there could be solar 
intensity variation with time of day, leading to over-illumination in some parts of the room. 
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However, a proper selection of the transmission system would ensure only "cold" light 
reaching the room spaces and thus eliminating the heating effects from the long waves. The 
over-illumination by "cold" light may cause unnecessary glare in the space, causing some 
discomfort to occupant but designers often may use an "iris" design at the harvester for glare 
control, in particular for wavelength sensitive applications such as the art galleries and 
museum. In some applications, designers may deliberately incorporate gradual variation in 
lighting levels to simulate the actual outdoor environment. Many buildings in UK simply use 
shading controls to cut out direct radiation and allow only diffuse light to enter a room at 
ambient level. This deems to be quite efficient as sufficient amount of cooling loads are 
reduced and glares lessened. 
As daylighting displaces indoor electric lights for some part of the day, it can save energy. 
The technology for a complete day-lighting system can be categorized into the following 
sections: 
(i) The harvester design, 
(ii) The transmission design, 
(iii)The luminaries design. 
Within the harvesters, there are both the passive and active systems: Passive systems are 
generally less efficient but they are comparatively cheaper and simpler to install. For example, 
a light-tube or light-pipe could be placed on the roof to harvest the diffuse and beam radiation. 
Active systems are different from passive ones in that passive systems are stationary and do 
not actively follow or track the sun. They generally require mechanical components and 
power to drive them, which make them more complex and expensive. Active systems are, 
however, more efficient and allows flexibility in harvesting sunlight. 
There are various ways to transmit sunlight to where it is consumed. The simplest one is 
to use a duct with shiny inner surfaces. Optical fibers or liquid light guides could also be 
employed for its transportation without undue difficulties. Depending on its operating 
temperature, different kinds of optical fibers and light guides are applied with active 
7 
daylighting systems. 
Tables 1.1,1.2 and 1.3 show different types of daylighting schemes harnessing sunlight 
for interior illumination. For convenience, the systems are divided into three categories: 
active, passive and building-integrated daylighting systems. The systems introduced in these 
tables are mostly commercialized ones and could be found in many literatures. 
As shown in the Table 1.1, the active designs are based on the solar tracking concept. 
Although the appearance, dimension and physical components used for the solar concentrator 
(collector) unit in these systems are different, they all harness the full benefit of the beam 
straightness of solar radiation and its law of refraction and reflection. Optical lenses such as 
Fresnel lenses are used to bend and focus sun rays to a targeted area by means of the law of 
refraction. Or, a series of plane mirrors or combination of concave and convex reflectors 
could be used to redirect and concentrate sunlight to a high density by applying the law of 
reflection : When light is reflected from a surface, its angle of incidence is always equal to 
the angle of reflection where both angles are measured from the path of the light to the 
normal to the surface at the point at which light strikes the surface. Different types of light 
guide systems could be applied to transmit (high density) concentrated solar rays to the 
terminal device for indoor illumination. In many cases, optical fiber cables are used as they 
are easy to install, lightweight, small in size, and flexible. 
Different from active designs, passive designs are based on static concept in harnessing 
natural daylight. As shown in Table 1.2, sunlight is collected by non-moving, and non- 
tracking systems such as light pipes or light ducts. The performance of these systems relies 
on their position as well as architectural considerations as they directly influence the 
capturing of sunlight. This becomes more evident in Table 1.3 where daylighting systems are 
integrated into building designs in introducing natural daylight for indoor illumination. 
There are currently many other different types of daylighting systems implemented in 
residential and commercial building. These systems, however, should fall into any one of the 
three categories introduced here. 
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As introduced above, there are many ways to distribute daylight according the needs and 
technical design(specifications) of the system. Depending on the design of a terminal device, 
which functions as a luminaire(illuminant), sunlight disperses differently in space generating 
distinct indoor lighting conditions. For those using light guides based on optical fiber cables, 
for example, various types of optical lenses (convex, semi-convex, concave, etc. ) could be 
simply applied for spot lighting or other forms to create particular lighting conditions. 
To fully utilize today's high-tech systems for daylighting in harmony with surrounding 
architectural environment, it is essential to understand the differences between technological 
and architectural approaches fully realizing the benefits of each. 
1.6 Research Objectives 
This study aims at designing a daylighting system for energy efficient buildings without 
any compromise on indoor environmental quality; especially, the visual comfort by natural 
daylighting. Good daylighting design is not only advantageous in saving energy and 
providing a healthier visual environment. It can ease the power shortage problem by shifting 
peak electrical demand during afternoon hours when utility rates are generally high. It also 
can improve human working productivity by promoting its natural circadian rhythm and 
pleasant working atmosphere. When designing a quality lighting environment, one should 
base it on the simple fact that most people appreciate daylight and also enjoy the outside view 
that windows provide. To achieve this, it is essential for any good design to get as much 
daylight as possible deep into a building while controlling the brightness (glare) of surfaces 
within the occupants' fields of vision. 
In this work, we explore the harvesting of outdoor daylight by using an innovative 
concentrator and transmission system for indoor application. A fully integrated day-lighting 
system can enhance the visual acuity, comfort, and space aesthetics. The proper design of 
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daylight system could control the external heat gain and glare and thus, reducing internal heat 
gain and energy use. When combined with the sustainable design strategies of indoor spaces, 
daylighting introduced into indoor spaces of building has the effect of improving the work 
productivity of employees. It has been reported that such system could improve productivity 
in offices by 16 percent [Edwards and Torcellini, 2002]. 
Figure 1.1 gives the flow of research procedures taken in the present work. As shown, 
each step of research development either involves theoretical analysis, physical reasoning, or 
actual measurements. A rigorous survey has been carried out before embarking on the design 
of a daylighting system, which deems essential to develop an innovative system different 
from the existing ones. Especially, the system has to be well suited with other building 
elements that bring natural daylight into the interior of buildings. Its appearance as well as 
functional expediency should be considered with the overall architectural integrity of a 
building. Architectural integrity should not be sacrificed for the sake of functional expediency 
Particular attention should be directed to maximize visual comfort in harmony with 
windows or other openings and reflective surfaces as well as other daylighting devices 
(systems) such as light pipes. Realization of energy efficient buildings could be simply 
achieved by the combined effect of the reduced use of artificial (electric) lighting and 
controlled admission of natural light into a space through windows and various daylighting 
systems. 
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1.7 Summary 
This chapter has introduced the background and significance of this work in terms of 
enhancing sustainability and energy efficiency of buildings. Daylight utilization is very 
important for humans not only because it could save energy but because it boosts healthy and 
natural ingredients in architectural enclosures. There are currently various types of 
daylighting schemes harnessing daylight for interior illumination, which could be divided 
into three categories: active, passive and building-integrated daylighting systems. To harvest 
natural daylight more aggressively, we explored the possibility of developing an innovative 
daylighting system well suited with other building elements. Its appearance as well as 
functional expediency should be considered with the overall architectural integrity of a 
building as well as other daylighting devices (systems) such as windows and light pipes. 
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2. DESIGN AND CONSTRUCTION OF THE SYSTEM 
Solar concentrators could be designed in various ways. It could assume the shape of a 
trough, a dish, a cone, a funnel and etc. The shape of a concentrator is very important one 
should consider many physical limitations in fully implementing its design concept. In 
addition, its shape should be in harmony with surroundings and endurable against harsh 
weather elements. In this study, we examined two different types of concentrator design, a 
dish concentrator and a funnel concentrator, which deem very simple and widely considered 
in many applications. 
2.1 Design Concentrator 
When designing a concentrator, considerations should be made to maximize the 
collection of incoming solar rays and minimize optical losses and any leakage until they are 
fully delivered to where it is consumed. The following designs fall in this category although 
they differ in shape and optical approaches. 
2.1.1 Prototype design 
The dish type solar concentrator is one of the most simple and straightforward ways to 
harness parallel beams of sunlight. It requires two reflectors; one to concentrate incoming 
solar rays onto a near focal point of the (parabolic) dish reflector (concentrator) and the other 
to form and reverse its direction of a stream of high density sunlight as shown in Figure 2.1. 
In Figure 2.1, major components of the concentrator assembly are given with the paths of 
parallel beams as they impinge on the surface of a dish reflector (a) and a two-dimensional 
sectional view (b). A parallel beam of light is first reflected by the dish reflector and directed 
toward a point near the second reflector, a convex (or concave) mirror. The light is then 
reflected off the second reflector directed toward a homogenizer tube whose role is to offer a 
31 
path till it is admitted to a light guide. The light guide delivers the sunlight to where it is 
needed by discharging it through a terminal device made with optical lenses (or other 
materials). 
/ , ýý5ý ,. ý, ý. ý, 
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Figure 2.1 Design concept of a dish concentrator for daylighting: (a) light paths and major 
components, (b) two-dimensional sectional view of the concentrator assembly. 
For the second reflector, different shapes of mirrors could be employed as long as they 
could redirect the sunlight reflected off the dish reflector toward the short homogenizer tube 
placed at the center of the dish reflector. When placing the second reflector, a transparent 
cover could be used to hold it at its desired position as shown in Figure 2.1 (a) or other means 
as long as they provide solid support in maintaining its original position. The transparent 
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glass cover has an advantage over others as it prohibits dust deposition on the reflector and 
facilitate cleaning. It, however, could cause some problems in summer or warm sunny 
climates due to thermal deformation of the cover resulting in misalignment of the second 
reflector. The position of the second reflector should be carefully determined considering the 
type a mirror used for the second reflector as shown in Figure 2.2. When a convex mirror is 
used, it should be placed below the focal point of the dish reflector. This is contrary to the 
case of a concave mirror where it requires to be positioned higher than the focal point of the 
dish reflector. For the dish reflector of 300mm in diameter considered in this figure, there is a 
difference of 39mm in distance between their desired positions. This is because the former 
enables a parallel beam of high density solar rays to stream downward toward the 
homogenizer tube whereas the latter forms a converging beam allowing smaller inlet for the 
homogenizer tube. 
In the present study, we used a convex mirror for the second reflector as it facilitates the 
implementation of the design concept resulting in higher efficiency. The converging beam of 
sun rays minimizes any leakage entering the homogenizer tube. As sunlight reflects off the 
dish concentrator and directed toward the second reflector, it becomes quite dense in its flux 
density such that a small deviation from its original targeted area or blockage caused by an 
obstacle could lead to a significant loss. Because of this, it is very crucial to design the 
second reflector as accurately as possible and minimize (or eliminate) any obstacles that 
might be present along the course of light transmission. In the present study, two different 
schemes are considered for the positioning of the second reflector at the desired position. One 
is to use a transparent cylindrical cover and to adhere it at the centre of the circular glass 
cover. The other is to use slender metal rods to support it at its fixed position. There are cons 
and pros of both schemes as each has the possibility of causing some minor problems in 
providing durable and efficient means of positioning the second reflector. 
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Figure 2.2 Positioning of the second reflector and basic geometry of the dish concentrator 
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Figure 2.3 Parabola used for the dish concentrator of 30cm 
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Figure 2.4 Parabola used for the dish concentrator of 15cm 
Figure 2.3 and 2.4 show the profile curves of the dish concentrator whose diameters are 
30cm and 15cm, respectively. As its area (projection area) is proportionate to the square of 
the radius, the amount of incident solar radiation doubles each increase in radius. In these 
figures, the profile curve is given in terms of a quadratic function, which is a parabola. A 
surface of revolution, i. e., the dish reflector, is simply generated by revolving the curve about 
the ordinate axis. Depending on its design, the geometrical location of a focal point (where 
sun rays converge) varies, which determines the overall configuration of the dish-daylighting 
system. 
Table 2.1 Major design variables for the dish concentrator of 30cm 
dish diameter (cm) 30.00 
focal distance (65% of D, cm) 19.5 
dish radius (cm) 15 
rim angle (degrees) 42.07506 
Major design variables are given in Tables 2.1 and 2.2 for the dish reflectors (concentrators) 
of 30cm and 15cm in diameter, respectively. As shown, the focal distance from the dish 
reflector does not change proportionately with the dish diameter. The rim angle, however, 
remains the same as they are geometrically congruent. 
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Table 2.2 Major design variables for the dish concentrator of 15cm 
>+ 
dish diameter (cm) 15.00 
focal distance (65% of D, cm) 9.75 
dish radius (cm) 7.5 
rim angle (degrees) 42.07506 
Parabola coordinates of 2nd mirror(Convex, half) 
0 
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Figure 2.5 Equation of the parabola used for the second reflector 
Figure 2.5 gives the parabola equation used to design the second reflector, which is 
convex in its form in comparison to the dish concentrator designed to be concave. As 
aforementioned, its shape and dimension are directly related to the dish reflector. An 
optimization process is required to properly design its overall configuration in relation to the 
dish reflector. Its diameter is 2.2cm and the rim angle is about 42 degrees; the same as that of 
the dish concentrator. 
Table 2.3 Major design variables for the second reflector 
convex mirror diameter (cm) 2.20 
focal distance (65% of D, cm) 1.43 
radius (cm) 1.1 
rim angle (degrees) 42.07506 
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Again as in Figure 2.3 and 2.4, the profile curve is given by a quadratic function of the 
horizontal distance measured from the vertex. Table 2.3 gives the major dimensions used in 
the design of the second reflector. 
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Figure 2.6 Three dimensional design images of the major components and the system: 
(a) (parabolic) dish reflector, (h) second reflector, (c) concentrator assembly 
Figure 2.6 presents three dimensional design images of the dish reflector, second reflector 
and concentrator assembly. Each image is actually used for processing of raw materials 
(aluminum blocks) to make the component (assembly) as shown. Each component is 
designed such that it is readily eangaged with other components to complete a concentrator 
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assembly. This enables modular construction of the system and facilitates maintenance. Also, 
it makes easier for one to change the design of a component for further development if 
necessary. 
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Figure 2.7 shows the scheme used to engage the dish reflector with light guide` composed 
of a homogenizer tube and light guide cable (optical fiber cable and etc. ). I he homogenizer 
tube makes the high density sunlight flux to converge before it enters the light guide cable. It 
is essential to treat the inner surface of the homogenizer tube with highly reflective coatings 
(aluminum, silver or its equivalent). 
To verify the solidness of the present design in collecting and transmitting incoming solar 
rays for daylighting, a forward raytracing software package, PH OI OPIA is used which will 
be detailed in the next section. 
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2.1.2 Optical analysis using PHOTOPIA 
To investigate the functional appropriateness of the main components, a forward ray 
tracing technique, PHOTOPIA, has been employed. PHOTOPIA is a 3D modeling and 
simulation package capable of handling high number of reflections that occur within 
internally reflecting daylighting systems. It is based on the forward ray tracing algorithm 
developed from a broad knowledge of luminaire analysis techniques ranging from non- 
diffuse radiative transfer to non-specular 3D raytracing [PHOTOPIA User's Guide 2002]. 
This section introduces how PHOTOPIA can be used to draw forth the most optimal 
conditions in it optical design of a daylighting system with a number of components to reflect 
and redirect light for indoor illumination. Light intensity and its distribution are calculated at 
various locations for the major components of the system. This allows one to develop some 
good intuitions regarding the functional design of major components such as the shape and 
size of reflectors and light guides. By offering the experimenter to "see" and "quantify" 
illuminance levels without resorting to very complex experimental investigations, the 
program makes it possible to efficiently carry out various steps of design calculations without 
undue difficulties. 
Figure 2.8 3D modeling by Rhinoceros 
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In Figure 2.8, a 3D modeling of our first trial design of the concentrator assembly with a 
cylindrical transparent cover is given. The modeling is done by Rhinoceros [Cheng 2007] 
where it is imported to PHOTOPIA domain for 3D performance analysis. Rhinoceros is a 
stand-alone modeling tool with a very convenient user interface. 
Comparisons were made for the concentrator assembly design when different shapes of 
mirrors are used: convex and concave. Identical reflectance(0.99) and transmittance(0.92) 
values were assumed for both cases. Mesh densities for critical elements of the designs were 
incrementally increased until no significant (<0.1%) gains in performance were seen. Small 
uncertainties in the simulation parameters have a significant impact on the absolute value of 
the simulation transmission efficiencies. Therefore comparative analysis of' the relative 
performance of two designs is often more informative than the predicted transmission 
efficiencies themselves. Using ray tracing based simulation of' daylighting systems is 
particularly beneficial when employed to optimize the design ofa system. 
t-igurc 2.9 ti1udcliný ui the (liýh icilcctur 
Figure 2.9 shows the model of the dish reflector where a minimum initial grid quads (set 
in the polygon mesh 
- 
detailed options) of 10,000 was used. This deems to he enough for 
PHOTOPIA simulations as finer mesh systems made little difference in its accuracy but 
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increased the computation time to a greater degree. If not specified by the user, mesh sizes 
are determined automatically. 
Figure 2.10 shows the modeling of a convex mirror used as the second reflector to 
redirect and concentrate high density fluxes of sunlight into fiber optic bundles. Its 
geometrical design is determined by a number of optical design constraints, which are 
imposed for achieving the highest efficiency in transmitting sun rays to the homogenizer tube. 
The design shown in this figure resulted in the highest efficiency of delivering the sunlight 
impinged on the dish reflector to the one end (receptacle) of the optical fiber cable. It showed 
an efficiency of 38.9`%ß with the distance of 175.5mm from the dish (parabolic) reflector. As 
typical solar tracking daylighting systems show better performance than this, there deems to 
he much room for improvement requiring a systematic investigation of the major components 
involved in light transmission. Of these, the transmittance of the cover has to he examined 
carefully as it is the first harrier that incoming solar radiation encounters. 
Total lumens exiting homogenizer 
Total lumens entering roof above concentrator 
= 
38.90% 
This indicates some adjustments are necessary to improve its efficiency tl'r the distance 
suggested in Figure 2.2, which could he done rather easily by installing adjustment screws 
with the convex mirror. 
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Figure 2.1 1 An image of the illuminance distribution at the exit of the homogenizer tube 
Figure 2.1 1 shows the illumination distribution at the exit of the homogenizer tube when 
50,000,000 rays are assumed to impinge on the dish reflector. The brighter area at the center 
represents the area of high solar concentration. This implies that the homogenizer is 
functioning as it is designed. ('are should he exercised, however, fir the homogenizer tube to 
have an inner surface with high reflectance which should he also spccular. Depending on the 
smoothness of its design and inner surface optical properties of the homogenizer, light 
intensity could change quite drastically. It might be desirable to use shorter homogenizer 
tubes if circumstances permit. 
Figure 2.12 shows the modeling of a concave mirror used for 1'l 101 OPIA simulation. 
That is, the same homogenizer and parabolic (dish) reflector was used as above but with a 
different distance of 214.5 mm as it should be placed above the focal point of' the dish 
reflector. The concave mirror showed a similar performance as compared to the convex 
mirror with a transmission efficiency of 37.7%. This again indicates that the Local length of 
the second reflector is not optimized to maximize the amount of light entering the 
homogenizer tube. Adjustments could be made manually for its optimal position on the basis 
of the simulated results in real situations 
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Figure 2.12 Concave mirror (model designed for PHOTOPIA simulation) 
All in all, the above simulation results indicate that significant improvements could be 
obtained in the both convex and concave lenses for the second reflector if is rightly 
positioned to allow a greater percentage of the light into the homogenizer opening. Although 
there is no appreciable difference in its efficiency, the convex mirror deems to be more 
feasible to be used with the dish reflector. This is because light beams converge as they 
stream downward toward the homogenizer tube. In comparison, the concave mirror produces 
parallel beams of light toward as they are reflected off its concave surface as shown in Figure 
2.12. It is very important to verify that the inlet of the homogenizer tube is large enough to 
admit high-density light beams streaming toward its entrance. Because of its light intensity is 
quite high (up to 100 suns), the peripheral loss at the homogenizer inlet should not be 
overlooked. Appropriate measures must be taken if some losses take place for any reason. 
Also, considering the fact that the optical properties used in simulations could have been 
somewhat exaggerated than the actual ones, it is necessary to examine each of them (if 
available) for establishing more realistic models in simulation. 
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2.2 Funnel Shaped Concentrator 
Cone or funnel shaped concentrators have been used in many solar applications for a long 
time. The figure (Figure 2.13) below shows one of such designs where its geometrical shape 
is determined by combining two parabolas to form a conical mouth [Xue, 2010]. There are no 
transparent cover used as compared to one of the designs of dish concentrators simulated 
using PHOTOPIA in the previous section. 
i I 
fovA Pont 
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Figure 2.13 A curved profile of the funnel shaped concentrator 
The design utilizes segments of two parabolas Al) and BC to form its two-dimensional 
profile curve which are symmetric to each other with respect to the symmetry axis as given in 
the figure. The straight segment AB is used to truncate the parabolas located above the t6cal 
points (F, and F2). A surface of revolution for the funnel shaped concentrator is generated by 
revolving this curve about the symmetry axis. The design is similar to typcial ('P(' collector 
designs. 
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In the present study, the circular inlet diameter of the concentrator was 150.06mm where 
the distance between the inlet and the end of the curved surface was 103.28mm. A straight 
tube of 44.85mm in ID and 47.72 mm in height joins the curved surface followed by a 
homogenizer tube and a light guide. This design eliminates the use of the second reflector but 
requires an inner surface with very high reflectance( 
-1) as sun rays experience many 
reflections before they enter the receptacle of a light guide. The funnel shaped inner surface is 
designed to redirects rays such that they eventually stream downwards toward the narrow 
straight tube at the bottom. This could be easily done by tracking incident and reflected sun 
rays continuously for the case of a spccular reflection. Similar to the dish concentrators, the 
funnel shaped solar concentrator is designed to utilize the beam component of solar radiation 
and requires precise tracking of the sun throughout its operation. The diffuse component of 
solar radiation is mostly bounced back into the atmosphere. 
Figure 2.14 shows a three-dimensional image of a funnel shaped concentrator made by 
revolving the two-dimensional curve given in Figure 2.13. As mentioned above, funnel- 
shaped wall concentrates the sunlight admitted by the circular mouth and channels its flow 
downward until it enters a light guide system via the straight tube portion of the concentrator. 
Figure 2.14 A three-dimensional image of the funnel shaped concentrator 
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2.3 System Configuration and Control 
The present overall system could he consisted of one master tracker and a number of 
slave trackers that are identical to each other. Figure 2.15 shows the concept of system 
configuration and its operational scheme. 
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Figure 2.15 Concept of system configuration 
Figure 2.16 gives the control logic applied for the operation of the system. As shown, the 
control system of the master tracker has position sensors to monitor the deviation of the 
actual position from the desired one by a feedback algorithm. And this deviation signal is 
used as input to actuate the reflector spindle. In the meantime, the slave tracker has no 
sensors 
All the slaves operate in a parallel motion with the master. Each slave is controlled by the 
deviation signal that is generated from the master tracker in a feedtorward control manner. 
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The advantage of this strategy is that the overall system configuration is simple and its 
operation is rather practical. However, it has the drawbacks that the position of each slave 
may not be the same as that of the master because of the errors associated with its 
construction and installation. 
There are many solutions but the simplest one is the feedforward control by applying the 
measured disturbance signals to the actuators of slaves. Since the system speed is not fast, an 
optimal disturbance signals can be defined easily, and by this algorithm, the error can be 
compensated as desired. 
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t 
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Controller Master Tracker Sensor 
Figure 2.16 Control logic of the dish concentrators 
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2.4 Construction of Prototype Systems 
The reflectors were made by processing an aluminum block on a CNC milling machine 
according to the design specifications detailed in section 2.1. Figure 2.17 show the front (a) 
and rear (b) view of the reflectors as well as three different sizes (15cm, 25 cm and 30 cm in 
diameter) of the dish reflector (c). 
. 
(a) Brunt view (h) Krar 
. 
ýicwý 
(c) Different sizes (I5cm, 25cm and 30cm) 
Figure 2.17 Dish reflectors made of aluminum block 
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In Figure 2.17(a), the four small holes near the center is to engage four metal rods to 
support the second reflector placed around the focal point of the dish reflector. It is very 
important to design these support rods such that they do not block any crucial amount of sun 
rays before they arrive at the second reflector. The sun rays near the second reflector are highly 
condensed and any aberration could greatly affect the efficiency of the system. The large hole 
at the center is to hold to the homogenizer tube, which runs through it and sticks out some 
distance toward the second reflector. To reduce its weight, some rear portion of the dish body 
was removed that doesn't affect the mechanical strength of the reflector body. The four holes 
near the rim are prepared to mount the dish reflector on the tracker. Three different sizes 
(diameters) of the dish reflector are considered as shown in Figure 2.17(c). Some details are 
given in section 2.1.1 for its design specifications. 
Figure 2.1 8 The second reflector made of aluminum 
Figure 2.18 gives a picture of the second reflector prepared in the same manner as for the 
dish reflector. It has a shiny convex surface to stream down and concentrate the solar rays 
reflected off the dish reflector. For its utmost efficiency, it should possess a extremely high 
luster, exceptional, mirror-like surface, and blemish free surface. The four holes around the 
convex surface are prepared to place it onto the support made with screwed metal rods. 
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Accurate adjustments of the second reflector are possible by lowering or raising it through the 
rods for the right position. Metallic fasteners, such as nuts, are used to hold it in the 
desired 
position. 
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Figure 2.19 The dish concentrator assembly and tracker : (a) the dish concentrator assembly, 
(b) the whole system, (c) the tracker (major components are displayed) 
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Figure 2.19 shows the concentrator assembly, its solar tracking (double axis tracking) 
mount and the complete daylighting system. Major components of the tracker (solar tracking 
mount) are given in Figure 2.19 (c) with labels to briefly illustrate the architecture of the 
tracker system. As shown, a heat pipe is applied to dissipate the internal heat generated by 
two stepping motors used for constant and accurate alignment of the concentrator against the 
sun. Main components of the assembly are contained in the lower compartment (main box) 
and the whole assembly could be divided into three parts: concentrator, mount and main box. 
(a) 
(c) 
(h) 
(d) 
Figure 2.20 The funnel shaped concentrator and the daylighting system: (a) the concentrator 
and homogenizer (before assembled) (h) the funnel shaped concentrator with 
homogenizer (assembled), (c), (d) different views of the daylighting system 
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One of the advantages using a funnel shaped solar concentrator is the elimination of the 
second mirror. The sun rays admitted through the wide circular mouth on top bounces of its 
inner surface repeatedly before they are discharged to a light guide. Figure 2.20 shows the 
daylighting system with a funnel shaped concentrator considered in this work. As shown, the 
homogenizer pipe has a different design in comparison to that of the dish concentrator. This 
is because there was a quite a difference between the inlet areas of the concentrator and the 
optical fiber cable. Also, to make one with a highly reflective inner surface, two identical 
halves were prepared separately one at a time and assembled, Figure 2.20(a). 
2.5 A Comparative Analysis of Solar Availability 
To calculate the illuminance by incoming solar rays on a surface element dA, its 
direction and distance from a source(an emitter) should be given as shown in Figure 2.21. 
The flux of rays incident on dA from a source dAe could be determined by drawing a line 
from dA to dAe, which passes normally through dAe. The distance between dA and dAe is R 
and dAe is assumed to be a hemispherical surface element whose direction is designated by 0 
and cp. Equations (2.1) and (2.2) are now readily derived for the solar rays incident upon dA 
within the solid angle do) having origin at dA. 
Figure 2.21 Incident solar rays on a surface element dA from the (8, cp) direction 
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d2Qi (e, ýP) =I (e, V)dAedcve =I (B, (P) dA 
dAcos9 
e R2 
d2Q; (9, cp) =I (8, (p)dwcos0 dA 
(2.1) 
(2.2) 
Based on the above equations, the amount impinging solar rays on a dish collector 
(concentrator) and a planar window could be easily calculated. The area ratio, A/Asol, is the 
required window surface area (A) that would receive the same amount of solar rays to the 
projected area (A0i) of the dish solar collector normal to the dish collector axis (Since the sun 
-tracking collector is always perpendicular to the sun, solar rays incident on the collector is 
equal to the product of solar flux and the projected area). In Figure 2.22, a south facing 
vertical window (glass panel) is shown whose surface normal is pointed south. 
To calculate solar availability and to determine the equivalent area of window comparable 
to the dish reflector, one could use the light coming out from the exit end of the optic fiber, or 
just use solar rays impinging on the dish surface. The former is more realistic, but the latter is 
easier to calculate as shown here. What we need is a illuminance gage mounted on a 
vertical surface facing south, and record the illuminance over a8 to 10 hours period from sun 
rise to sunset on a clear day in each month (for a period of interest). We may also need to 
figure out how to measure the direct and diffuse components of sunlight incident on the gage 
surface. The diffuse component may be negligible if the sky is very clear. The sun angle 
varies with time, but can be calculated if the date and time are specified. 
Since the collector surface always faces the sun, the flow rate of solar rays incident on the 
collector is the integration of solar flux, which is assumed to be parallel to the axis of the dish, 
over the collector surface Assuming a uniform solar flux for small dishes, the flow rate of 
incident solar rays can be calculated from : 
E, = solar flux * projected area of the collector normal to solar flux (2.3) 
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Since sunrays come from the same direction, the 
, 
the flow rate of incident solar rays is; 
E2 = solar flux *A,, *cos 0 (2.4) 
where A,, is the surface area of the glass panel, and 0 the angle between the surface normal of 
the glass panel and the direction of incoming sun rays. Note that, in Eq. (2.3) only the solar 
flux may vary with time, while in Eq. (2.4) also varies with time as the sun angle changes. 
V 
Solar flux 
Surface normal 
of the glass 
panel 
L (thickness of the 
glass panel) 
Figure 2.22 Solar flux on a vertical surface(window) pointed south 
Equations relating the angle of incidence of beam component on a surface, 0, to the other 
angle are [Duffle and Beckmann 2006]: 
cos9 =sinSsin0 cosß-sinScos0 sinßcosy 
+cos8cos0 cosßcosw+cosSsin0 sing cosycosw (2.5) 
+cos S sin 
,8 sin y sin w 
There are several commonly occurring cases for which Eq. (2.5) is simplified. For fixed 
surfaces sloped toward the south or north, that is, with a surface azimuth angle y of 0° or 
180° (a very common situation in a real practice), the last term drops out. 
For vertical surfaces, ß=90° and the equation becomes [Duffie and Beckmann 2006]: 
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cos8=-sin(5cosocos)l+cos(5sin0coscosycosc)+coso5sinysin(t) (2.6) 
0 Latitude 
ýS Declination 
y Surface azimuth 
angle 
ß Slope 
Q) flour angle 
0 Angle of incidence 
ý 
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III 
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II 
ii 11 
T= 
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The angular location north or south o the equator, north positive; 
- 
90'< 0<90° 
The angular position of the sun at solar noon(i. e., when the sun is 
on the local meridian) with respect to the plane on the equator, 
north positive; 
-23.45°<(5 <23.45' 
The deviation of the projection on a horizontal plane of the normal 
to the surface from the local meridian, with zero due south, east 
negative, and west positive, 
-190'< y<180' 
The angle between the plane of the surface in question and the 
horizontal; O '<p <180'. ()6 >90'' means that the surface has a 
downward-facing component. ) 
The angular displacement of the sun cast or west of the local 
meridian due to rotation o the earth on its axis at 15` per hour, 
morning negative, afternoon positive 
The angle between the beam radiation on a surface and the normal 
to that surface 
Table 2.4. Available solar radiation and angles on a tilted surface on 01/03/2009 
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Here the calculation has been carried out for the first clear day of each month in March, 
April and May. Tables 2.4 
- 
2.6 show the actual measurements made on March 1, April 2 and 
May 1. As shown in these tables, solar radiation data are continuously monitored throughout 
measurements, whose beam and diffuse components are separately recorded as they are used 
with Eqs (2.3) and (2.4) to determine the amount of solar rays impinging on the dish and 
window for indoor illumination. It is needless to say that both the dish and tunnel shaped 
solar concentrators utilize only the beam component of incident solar rays. 
In addition, here we neglected solar attenuation through the optical fiber cable and 
glazing material. Our calculation is solely based on solar availability on the collector and 
window area. 
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Table 2.5 Available solar radiation and angles on a tilted surface on 02/04/2009 
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Most glass panels are transparent to visible light, thus the attenuation of solar flux 
through the glass window might he neglected for small values of 0 and L. For large 0 angles, 
the optical path in the glass panel varies with 0 as: 
P= L/ cos 0 (2.7) 
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The transmitted radiation is given by : 
ýý 
ý 
where t is the directional-total transmittance of the glass panel. This radiative property must 
be experimentally determined if not provided by the manufacturer. Generally, the 
transmittance is an exponential function of optical path such that attenuation is not negligible 
even for small 0 and 1. (0.85 is the maximum transmittance for a normal glass) 
"Table 2.6 Available solar radiation and angles on a tilted surface on 01 /05/2009 
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Figure 2.23 graphically shows the relative amount of solar radiation available on the dish 
reflector and the south facing vertical window given above. To admit the same amount of 
daylight through the window as compared to the daylighting system at gam on March 1, the 
window area should he about 0.424 in 2 (six times the area of the dish concentrator). 
As the sun changes its position with the time of day and month, the ratio E, /E2 varies 
reelecting the effect of its angle of incidence on the non-tracking surface (i. e., the south facing 
vertical window). The lower the angle the more spread out and less intense is the solar 
radiation that reaches the surface. 
The figure also shows a pattern of symmetry over the course of a day with respect to noon 
S7 
arriving at the highest value at 9am and 4pm. Of course, this is due to the diurnal movement 
of the sun constantly changing its celestial position traveling in a circular path across the sky, 
reaching its highest point at noon. The seasonal variation of the ratio compared for a day in 
the months of March, April and May clearly manifests the increase in solar altitude angle as 
the sun moves toward the summer solstice. 
The solar altitude angle also gives an estimation regarding the attenuation of solar rays as 
they travel through the atmosphere. For example, if the sun is directly overhead, their travel 
distance becomes the shortest which results in the minimum losses by absorption, reflection 
and the scattering by the atmosphere reducing intensity at the surface. The air mass (AM), 
which refers to the ratio of the optical thickness of' the beam radiation through a particular 
path to that when the sun is at zenith (overhead), could he used as one of' the important 
parameters in relation to the perf<Ormance of' any solar tracking daylighting systems. In 
general, the air mass (AM) is referred to as I if the beam radiation traverses through the 
atmosphere and reach the sea level when the sun directly overhead. 
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Figure 2.23 Ratio of illuminance available on the dish concentrator and window 
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2.6 Summary 
Some details are given in the design and construction of innovative daylighting systems. 
To harvest daylight as much as possible, two types of solar concentrators are considered; dish 
and funnel shaped. Each design has been analyzed for its geometrical justification and 
functional suitability. Such raytracing simulation software as PHOTOPIA has also been 
brought in to draw forth the most optimal conditions for its performance. The daylighting 
system with a dish type solar concentrator is one of the most simple and feasible design to 
harness parallel beams of sunlight. It consists of two major reflectors; one to concentrate 
incoming solar rays onto a near focal point of the dish reflector and the other to form and 
reverse its direction of a stream of high density sunlight delivering it to where it is needed via 
a series of light guides and a terminal device. 
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3. PHOTON1ETRti' ME: 1S1 R1\G EQUIPMENTS 
To investigate the photometric properties of the daylighting system and other important 
factors affecting it performance, a series of tests were conducted using different types of 
photometric instruments : Luminance meter. Spectrophotometer. SpectraColorimeter and 
Goniophotometer. Each instrument measures distinct features of the optical properties 
displayed by the daylighting system, luminaires and processed materials. 
3.1 Luminance Meter 
Luminance measures the amount of light that reaches the eye after being reflected off an 
object's surface. There are many factors to he considered when determining the luminance of' 
an object as it is influenced by the illumination, the geometrical configuration between the 
viewer and the light source as well as other photometric properties related to the perception 
of brightness by a human observer. 
To measure the luminance of the light source at various surfaces of a room, a luminance 
meter (LS-100) was used. LS-100 [Konica Minolta 20091 is small and light such that it offers 
mobility and convenience in taking luminance measurements of' light sources or reflective 
surfaces. The system is employs advanced optics and electronics, which assures accurate and 
efficient measurements. Above all, it is very easy to operate and store data. 
N) 
Figure 3.1 LS-100 Luminance meter 
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The LS-100 has al° acceptance angle and its accuracy is ±2% of the measured value 
at I cd/m2. It has a through-the-lens viewing system which accurately identifies the area to 
be measured. It also features an in-view finder display enabling measurements to be seen 
simultaneously with the subject being measured. 
The reflectance of a surface could he determined by measuring and comparing its 
luminance against two reference surfaces with known reflectance, whose luminance values 
are to he measured simultaneously as shown below. 
t 
iF 
L- 
Figure 3.2 Measuring luminance 
I lere two reference surfaces were used, namely, white and gray panel, whose respective 
reflectance (p) was 0.95 and 0.3, respectively. The following shows the luminance values 
measured by LS- 100 Luminance meter (under overcast sky): 
3200 cd/m'` 
Lgray : 1999 cd/m' 
L, 
urfa« : 2509 cd/m' 
Finally, the reflectance (Nail) of the surface under investigation can he determined: 
1., 
N, X 
l'ruc /, ý, nýýý 
P2 
(3.1) 
(3.2) 
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_P, 
+P2 
Pwau 
-2 
This yields pwall = 0.52. 
(3.3) 
Alternately, it also could be determined by using ilminance and luminance meters as shown 
in Figure 3.3 
LEx" 
L=al/m= 
Jr I E=lm/mi 
Figure 3.3 Measuring luminance and illuminance 
For our surface, these measurements yield: 
L: 4,348 cd/m2 
E: 23,300 lm/m2 
The reflectance is now determined by using the following formula: 
Pnrr = 
Lxx 
x100[%] E 
which gives pwall= 0.58. 
CP 
L 
(3.4) 
It is not difficult to conclude the reliability of both methods when measuring the reflectance 
of a surface. As illustrated above, each method produced a value not to different from each 
other. 
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3.2 Spectrophotometer 
When continuous radiation hits the surface of a sample, some is absorbed whilst others 
could be reflected. An absorption spectrum can be obtained by monitoring the radiation that 
penetrates the sample and reaches a detector across the wavelengths. For a given surface, the 
spectra absorption rate varies with the wavelength and temperature of the radiation source 
and data from such absorption spectra can be used for qualitative and quantitative analyses. 
The PDA (Photo Diode Array) Spectrophotometer is equipped with a multi-channel 
detector controlled by a microprocessor which collects spectral data for several wavelengths 
simultaneously, while PMT (Photo Multiplier Tubes) Spectrophotometer detects only on a 
single channel which data collection is performed for a specific wavelength in series. The 
PDA Spectrophotometer is therefore faster and yet provides better reproducibility data than 
the PMT Spectrophotometer. The latter sensor depends on a rotating grating or prism 
operated by a stepper motor to scan across the wavelength bandwidth. 
Figure 3.4 S-3100 System 
The S-3100 [Sinco 2009] System is a multi-channel spectrophotometer with an array of 
photodiodes in a 1024 channel, giving optimum wavelength resolution for the readout unit. It 
has the wave length accuracy as ±0.5nni at 360.95nm and 453.7nm (or ±0.2 nm at 486.0nm and 
656.1nm). One feature of a PDA is an integrating photo-detector which integrates charge 
depending on the light intensity. The advantage of the integrating function is named 
Felgette's S/N advantage or Multi-channel advantage. The system has been used to measure 
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the reflectivity of a reference sample used in determining the reflectivity of real surfaces of 
mockup buildings (test cells). 
3.3 SpectraColorimeter 
A spectrometer is an optical instrument used to measure optical properties of light sources 
over a specific portion of the electromagnetic spectrum [Photo Research inc. 1999]. The PR- 
650 SpectraColorimeter used to measure spectral distribution of light emitting from the 
terminal device (optical lens) is one of the latest in the Photo Research family of SpectraScan 
fast scanning instruments. It is compact, light and capable of carrying out NiST-traceable 
photometric and colorimetric measurements spectroradiometrically. Figure 3.5 shows a photo 
of the instrument whereas Figure 3.6 is a plot of the spectral radiance measured by it. 
Figure 3.5 PR-65() Spectracolorimeter 
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Figure 3.6 Spectral radiance measured 
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In Figure 3.6, the spectral distribution of light measured by a spectrometer (Spectroscan 
650) is shown as it emerges from a convex lens used for the terminal device under a clear sky 
condition. No appreciable differences were observed with the terminal device. 
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3.4 Goniophotometer 
A goniophotometer measures the spatial distribution of a radiation source and displays the 
photometric properties of light [Andersen 20061. It provides viable information for a radiant 
source such as light distribution profiles, luminous intensity, luminance and other major 
photometric data which are essential in designing a luminaire(illuminant) for indoor 
illumination. Figure 3.7 shows the measurement by a goniophotometer (Model-DP-1600) to 
obtain the luminous intensity distribution of diffusers (convex, semi-convex, concave, semi- 
concave lenses and cylindrical luminaires) used at the end of the optical cable for indoor 
illumination [Optical & Photometric Technology Pty Ltd. 19991 
(it) (b) 
Figure 3.7 Goniophotometer measurements for luminous intensity distribution: (a) a test kit 
with a 50W halogen lamp, (b) a cylindrical diffuser mounted on goniophotometer 
Figures 3.8 to 3.12 present 2D and 3D luminous intensity distributions for different types 
of diffusers. By examining these figures, the light spreading characteristics of a luminaire 
(illuminant) could be rather easily obtained. Among the optical lenses tested, the semi- 
concave lens (Figures 3.11 and 13) has shown the widest spreading angle followed by 
concave, convex and semi-convex lenses. It, however, is far from the state of uniform 
illumination and displays suitability for spot lighting. In order to promote uniformity in 
illumination, a cylindrical shape diffuser should be applied as demonstrated by Figure 3.13. 
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Figure 3.8 Luminous intensity distribution of the convex lens : (a) 2D, (b) 3D presentation 
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Figure 3.9 Luminous intensity distribution of the semi-convex lens : 
(a) 2D, (b) 3D presentation 
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Figure 3.10 Luminous intensity distribution of the concave lens : 
(a) 2D, (b) 3D presentation 
69 
Luminous Intensity Distribution (Lowest 10%) 
.» 
{M 
420 tý1ý 
y 
, «. " 
i 
IsoLux 3D 
S.,... w. (tii 
lM 
Tie 
.. 
US 
IA 
rNo 
"n 
(a) 
4.1-1 *1 
.. 
ýý. 4.1 
C-0 
'MO la00 IMS IN a, 13i I 
Ný 
._ 
-lidSdbý]SSYý`4iX'isýf rý's: lF f6tY! 
_% S. 
I 'U 
LL 
(b) 
a"w 
. W-4 
Figure 3.11 Luminous intensity distribution of the semi-concave lens : 
(a) 2D, (b) 3D presentation 
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Figure 3.12 Luminous intensity distribution of a cylindrical diffuser : (a) 2D, (b) 3D presentation 
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3.5 FLIR i40 Thermal Camera 
An infrared camera is a very effective tool to detect temperature distribution of an object 
with some temperature readings. It is designed to generate thermal images or heat pictures 
displaying small temperature differences [FLIR Inc 2009]. Infrared thermography provides a 
visual map of surface temperatures in real time. Figure 3.14 shows a picture of the system 
used in this work with some description regarding the display on its LCD monitor. The 
system has been used to monitor the temperature change of the interior space at different 
times of a day. 
r' 
ý ýi 
<ý 
USQ&)o ýýýC 
I1111 1'"1 1 
(20) (19) (0 V) (16; (14) 03) 
ýl Menu system 
Measurement results table, including information about the emissivity value 
© Date and time 
Measurement spot 
Limit value for an isotherm in the temperature scale 
Do Limit value for the temperature scale 
6 Temperature scale 
Figure 3.14 FLIR i40 thermal camera 
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Table 3.2 shows the technical specifications of the system where its accuracy and 
applicable temperature range is given in detail. 
Table 3.2 FLIR i40 Specifications 
Features 
Temperature range 
Temperature accuracy 
Image Storage 
Emissivity 
-4'F to 662'F (-201C to 3501C) 
t21C or f2%ofreading 
>1000 Images (IGB micro SD memory card) 
0.1 to 1.0 (adjustable); Emissivity Table 
Imaging Performance / Image Presentation 
Field of view/min focus distance 
Thermal sensitivity (N. R. T. D) 
Detector Type 
Spectral range 
Display 
Video output 
Image Modes 
Fusion Picture in Picture (PIP) 
Visible Light Camera Resolution 
Image Controls 
Focus 
Set-up controls 
Spot (center) Measurement mode 
Area (min/max) Measurement mode 
Battery 7ypeioperating time 
Dimensions/Weight 
25° X 25°l0.10m (3.9") 
<0.1 C at 25 Y' 
Focal plane array (FPA) uncooled microbolometer; 14,400 pixels 
(120 X_120) 
7.5 to I3um 
3.5" color LCD 
MPEG-4 via USB 
Thermal, Visual, Fusion 
Fixed 
0.6 Megapixels 
Palettes (Iron, Rainbow, and Black/White), level, span, auto adjust 
(continuous/manual) 
Manual 
Date/time, info, LCD intensity, power down, and 21 languages 
Yes 
Yes 
Li-lon/ 5 hours, Display shows battery status 
9.3X3.2X6.9" (235X8 IXI75mm)<I. 32lbs (600g), including battery 
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3.6 Summary 
Major photometric properties of the present daylighting system are measured, where a 
series of tests were conducted using different types of photometric instruments : Luminance 
meter, Spectrophotometer, SpectraColorimeter and Goniophotometer. Each instrument 
measures distinct features of the optical properties displayed by the daylighting system, 
luminaires and processed materials. Some detailed technical specifications are also given 
along with their output (measured data). Especially, the luminous intensity distributions 
measured by the goniophometer for different types of diffusers have revealed the crucial data 
concerning the light spreading characteristics of various terminal devices. Among those 
optical lenses tested, the semi-concave lens has shown the widest spreading angle followed 
by concave, convex and semi-convex lenses. These are, however, far from delivering a state 
of uniform illumination and deems more suitable for spot lighting. In order to promote 
uniformity in illumination, a diffuser that is capable of dispersing light in all directions 
should be employed as shown in the case of a cylindrical shape diffuser. 
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4. PERFORMANCE ASSESSMENT: MEASURENIE`TS AtiD SIMULATION 
To verify its photometric applicability of the high-density daylighting system, a series of 
measurements and simulations were performed for different operational conditions and 
architectural environment. Especially, a number of test cells were designed and built to assess 
its functional suitability in attaining optimum levels of indoor illumination including the case 
of hybrid lighting. Photometric measurements(and observations) were carried out in 
Nottingham (United Kingdom) and Jeju (Korea). 
4.1 Nottingham Test Chamber 
(a) 
(b) 
Figure 4.1 Test chamber at Nottingham (Latitude: 52° 58' 0 N, Longitude :1° 10' 0 W) 
(a) Built, (b) Virtual model 
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Fig. 4.1 shows the actual picture and virtual model of the building (test chamber), which 
is located in Nottingham, United Kingdom. It is a wooden structure with a partly flat and 
sloped roof. Its dimensions are 1,670mm(length) x 2,900mm(width) x 2,000m(height-highest) 
built to the half scale of a real building. The interior of the building is painted black and has 
no windows making it a dark space. 
The photometric properties of the illuminant were based on the experimental 
measurements given in Chapter 3 where some developments are made to provide the required 
field data for simulation. Especially, the measured data of goniophtometer were very useful in 
determining relevant photometric parameters to carry out the simulation. The following are 
the major photometric properties obtained and used in the analysis when a semi-convex lens 
is employed: 
- 
Illuminant : semi-convex lens 
- 
Candela output: 4,011 cd 
- 
Available viewing angle of the illuminant (in 2D): 45° 
- 
Solid angle: 0.4783 sr 
- 
Total Lumens: 1,919 Im 
- 
Radius of light source: 32 mm. 
:, 
Figure 4.2 An interior view of the test module for simulation 
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Generally, converting between geometry-based measurement units could be difficult and 
it should only be attempted when it is impossible to measure in the actual desired units. One 
must be aware of what each of the measurement geometries implicitly assumes before any 
conversion is made. The process involved in the present analysis falls in this category where 
a number of measured data are correlated to obtain key parameters required for performance 
simulation. 
What follows gives some details of the numerical data for the major photometric 
properties (especially, conversion between lux 
- 
lumens per square meter- and lumens) 
derived from goniophotometer measurements in the previous chapter. The processes shown 
here for the determination of key variables should be repeated for each case of simulation 
since the solar intensity changes with time and the IES file will be different depending on the 
types of optical lenses used for diffusers. 
To calculate the illuminance at 1.0 m: 
E1 
= 
(di )2 x E2 
d1=I m (reference point to calculate source output) E2 = 1,310 lux 
d2 =1.8 m-0.05 m =1.75 m (distance between the diffuser and the sensor) 
Hence, El (Iv) becomes 4,011 lm/m2. 
1) Conversion of Im/m2 to lm/sr at 1.0 m: 
4,011 lm/m2 x1 m2/sr = 4,011 lm/sr 
(4.1) 
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2) Referring to the angular measurements given in Figure 4.3 for 0, where it is 
measured to be about 45 degrees (indicating that light is blocked 315 degrees) : 
SZ = 47rsin2 
(B) 
= 27r(1 
- 
cos 9)Q = 2it(1 
- 
cos 0/2) (4.2) 
= 
2n(I 
- 
cos 45/2) 
= 0.4783 [sr] 
Using this formula, the solid angle and total luminous flux are now easily obtained. 
3) Calculation of the total lumen output: 
ý 
=1,. XQ=4,011 X 0.4783 = 1,918.5[ Im] (4.3) 
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The test cell model has dimensions of 2,950mmx l 
, 
750mmx l 
, 
800mm. The longer side is 
oriented to the north. Seven photo censors are installed symmetrically along the centerline at 
a height of 50mm by using a 100mm wide wooden panel. To prevent any accidental 
movement of sensors, the rear side of each sensor is treated with an adhesive before it is 
placed at a specified location. As shown below, the 4`h sensor is located at the center directly 
below the luminaire attached to the optical fiber cable of the dish-daylighting system. 
The distances between sensors were 
- 
between #4 and #3(#5) : 60cm 
- 
between #2 and #3(#5 and #6) : 15cm 
- 
between #I and #2(#6 and #7) : 45cm. 
To accurately measure illuminances near the east and west walls away from the center, the 
sensors were not equally spaced. Also, the sensors 1,2,3 and 7,6,5 were placed 
symmetrically with respect to the sensor at the midpoint (sensor 4), respectively. Of course, 
more sensors could be used for detailed measurements and monitoring of illuminances. The 
purpose of this measurement, however, was to gather real illuminance data tier the test 
chamber to establish the reliability of its simulation model developed by using ECO'II: C"1' 
(and RADIANCE). 
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Figure 4.4 Sensor locations 
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Figure 4.5 Simulation values of sensors at noon (at the location of sensors) 
Results of the measurement and simulation for the dish-daylighting system (with a semi- 
convex lens for diffuser) are comparatively examined to establish the validity of the present 
investigation and to develop a reliable simulation model applicable to various conditions. 
Once the model is developed, it could be readily used to make predictions for other cases 
without undue difficulties. Figure 4.5 gives the simulated values at the exact location of 
sensors where the direct comparison with the measured ones is possible. As given in Table 
4.1 below, there is a good agreement between the two values around bright areas of 
illumination. Especially, the illuminance predicted for a point directly below the luminaire 
perfectly matches the experimental one as the candela output (of the luminaire) is based on 
the measured value. Also, there exists a symmetry with respect to the sensor placed at the 
center(sensor 4) in both cases. This deems sufficient to establish the reliability of our 
simulated model. 
Figure 4.6 presents the illuminance distribution where its values are given at equally 
distanced nodal points. A geometrical symmetry is observed in all directions implying the 
uniformity of illumination by the convex lens. 0.1 is assumed for the surface reflectance as 
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the interior of the test chamber was painted flat black. 
The model provides an excellent tool to examine the effect of a change in physical 
properties such as surface reflectance and absorptance or the type of an optical lens (diffuser) 
on the indoor lighting conditions. Without performing a time consuming complex 
experimentation, one could easily envision what will happen if some photometric properties 
are changed which clearly demonstrates the full benefit of simulation. 
Table 4.1 Results(illuminance in lux) comparison at 12: 00 pm 
Sensor #2 Sensor #3 Sensor #4 Sensor #5 Sensor #6 
Measurement 12.7 138 1310 141 15.2 
Simulation 44.72 144.38 1310 140.38 44.72 
Figure 4.6 Simulation values at sensor locations at noon (at nodal points of equal distance) 
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(a) 
(h) 
Figure 4.7 Simulated results by RADIANCE (reflectance = 0.1) 
Figure 4.7 shows the simulated results by RADIANCE [Crone 1992], where the 
illuminance distribution is presented by using concentric circles (a) and values at different 
locations (b). In both figures, the bright circular area indicates the maximum intensity of solar 
illumination delivered by the daylighting system at noon. In Figure 4.7 (b), the illuminance of 
1151.1 lux corresponds to that at a location near the center of the inner most circle in Figure 
4.7 (a). 
Figure 4.8 presents the result of RADIANCE simulation with the reflectance of 0.85 for 
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the interior surfaces of the test chamber. This simulation has been done to examine the effect 
of internal reflectance on solar illumination. As shown, some improvements are observed 
throughout the internal space where the illuminace of 1196.4 lux was recorded for the 
corresponding point value of 1150.1 lux in Figure 4.7. This is, however, much smaller than 
what's been anticipated considering a rather drastic change in the reflectance to increase the 
amount of light available for internal reflections which should enhance brightness and overall 
illuminance. 
I; il 
(h) 
Figure 4.8 Simulated results by RADIANCE (rel ectance = 0.85) 
Performance of daylighting systems are largely affected by sky conditions. Especially, the 
active daylighting systems with the solar tracking feature are greatly influenced by the 
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clearness and air mass of the sun. In Figure 4.9, the actual photo (taken with an 8mm fisheye 
lens) of the sky condition and its luminance maps are given for the day when the 
measurements were carried out. As shown, there is a large difference in luminance between 
the cloudy area near the sun and its surroundings. 
( ; º) 
(c) I (d) 
Figure 4.9 Luminance map of the sky when measurements were made (partly cloudy) 
The sun is the only natural source of daylight. The variability of daylight, unfortunately, 
causes many difficulties for designing buildings that let in ample natural daylight. Daylight 
that reaches the earth's surface is composed of both direct beam radiation and diffused 
1 
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sunlight by dust and other small particles suspended in the atmosphere. Thus, on a bright 
sunny day with clear skies, solar positions, latitude and local atmospheric conditions have a 
significant influence on the quantity of natural illumination at any location. It has been 
observed that pure, brilliant sunlight can increase illumination levels on the ground to over 
80,000 lux. Considering its northerly location (Latitude: 52° 58' 0 N), this is quite a sufficient 
amount of sunlight that could be utilized for indoor daylighting. It is very important for 
architects and designers to allow the penetration of daylight deep into the space while 
eliminating excessive glares on work surfaces. 
Figure 4.10 shows the effect of the solar altitude angle on the test chamber at different 
times of the year with the aid of sun path diagrams. By using them, annual changes in the 
sun's path across the sky can be easily represented on a single 2D diagram. One of the most 
significant advantages of these diagrams is that one can use them to directly read off the solar 
azimuth and altitude for any time of the day or the year. Also, designers using them are 
provided with a unique summary of solar position while considering design options or 
shading needs. 
The sun's changing position in the sky throughout the day and year are frequently 
represented on stereographic diagrams. These can be compared to a photograph of the sky 
taken with a 180 fish eye lens looking straight up towards the zenith. Then, the sun's paths at 
varying times of the year are projected onto this flattened hemisphere for any spot on earth. 
Comparing the length of the shadows projected by the test chamber, seasonal variations 
of solar altitude are easily comprehensible, especially at equinoxes and solstices. In Figure 
4.10, the solar positions in (a) and (c) are almost identical as they present equinotical points: 
the vernal point and the autumnal point. In contrast, there is quite a difference in the length of 
the shadows for solstical points as demonstrated by the sun path diagram in (b) and (d): the 
summer solstice and winter solstice. 
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(a) March 20 
(b) June 21 
87 
(c) September 22 
(d) December 21 
Figure 4.10 Perspective views of solar availability for the test chamber at different 
times of the year (equinoxes and solstices) with sun path diagrams. 
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4.2 An Office Building Unit 
Designing a lighting system for optimum functionality calls for a perfect balance between 
visual performance, visual comfort and visual ambience. Especially, the realization of correct 
lighting for an office space is crucial as it could greatly affect the productivity of people. 
Here, a series of measurements were carried out to assess the performance of the dish- 
daylighting system viewed from this perspective. The office has a tall retaining wall (5.06m) 
on the south that blocks sunlight through window at lower solar altitude angles. Its ceiling 
height was 3m slightly higher than a normal office unit of 2.7 m. A large window is located 
on the south whose respective length and height was 3.2m and 2.25m. Photometric 
measurements were focused on the meeting table located near the center between a partition 
wall and a white board. 
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Figure 4.11 A picture of the office and its plan view 
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Four photo sensors are placed on the table measuring illuminance as sunlight is admitted 
through the south window and terminal devices (optical lenses) on the ceiling. Measurements 
were taken on a very clear day as shown in Figure 4.12. The illuminance level of the east 
wall and the working table near the south window is also monitored as shown in Figure 4.13. 
Data are scanned and stored for every second and the sky conditions are monitored by taking 
pictures with an 8 mm fisheye lens. 
Figure 4.12 Fisheye photograph and luminance of the sky by RADIANCE 
Figure 4.13 Fisheye photograph and luminance of the east wall and the working 
table near the south window by RADIANCE 
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The luminance ratio map in these figures indicate that the brightness contrasts of various 
areas fall within the acceptable range : one to one third between task and adjacent 
surroundings or twenty to one between luminaires and surfaces adjacent to them. It is 
unlikely to cause any uncomfortable brightness. 
(, I ) 
Ir 
(b) 
Figure 4.14 Fisheye photograph and luminance ratio map of the task plane 
and its surroundings by RADIANCE 
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Figure 4.14 shows the meeting table (i. e., task plane) located near the center (of the room) 
between a partition wall and a white board. Different from the case above, there is a contrast 
of brightness beyond the acceptable range, one to one third between the task plane and 
adjacent surroundings. 
Figure 4.15 Luminance values (a) and illuminance ratio map of the task plane 
and its surroundings (b) by RADIANCE 
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The condition can be improved by placing a luminaire on the ceiling as shown in Figure 
4.15 (a), where a light diffuser (terminal device) attached to the daylighting system provide 
natural light for illumination. Figures 4.15 (b) and Figure 4.16 clearly show appreciable 
improvement in lighting conditions. 
(b) 
Figure 4.16 Luminance values (a) and illuminance ratio map of the task plane 
and its surroundings (b) by RADIANCE 
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Figure 4.17 shows a 3D model of the office for photometric analysis by ECOTECT and 
RADIANCE. The model has been developed for the case when two daylighting systems are 
used for indoor illumination of the task plane and its immediate vicinity. Following the actual 
materials used for its construction 
, 
surface reflectances were chosen from the list of materials 
available by the program. Table 4.2 lists some of the materials and their reflectivity values 
that closely represent the physical properties of the walls, floor and etc. 
Figure 4.17 Modelling of the room for simulation 
Table 4.2 Surface reflectivity of the room 
Description Surface Reflectivit 
white 
walls 0.561 paint 
floor concrete 0.592 
window glass 0.737 
partition A wooden 0.663 
plaster partition B board 0.835 
Simulation results were compared with measurements for a number of points where photo 
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sensors were located as shown in Table 4.3. It deems the predictions by RADIANCE is much 
closer to the measurements than those of ECOTECT throughout the comparison. The 
difference might stem from the different algorithm that ECOTECT and RADIANCE employ 
for the daylight calculation. ECOTECT uses the split-flux method for daylight factor 
calculation while RADIANCE calculates the daylight factor using backward ray tracing. In 
addition, it appears that ECOTECT does not transfer the glazing properties in its domain 
compatible with the RADIANCE definition. 
Table 4.3 Comparison between the measured and simulated results(in lux) 
Sensor114 Sensor115 Sensor116 Sensor117 
MEASUREMENT 924.15 944.74 94.21 167.27 
ECOTECT 881.02 907.51 63.08 70.37 
RADIANCE 926.13 929.59 127.1 139.45 
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Figure 4.18 Locations of photo sensors 
Figure 4.18 shows the illuminance distribution by RADIANCE for the case when two 
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dish-daylighting systems were employed (each dish : 30cm in diameter). As sun rays stream 
down from two diffusers installed on the ceiling, the task plane and its neighboring area 
receive sufficient amount of light beyond what might be appropriately needed. Although it 
depends on the outdoor illuminance, occupant's preference and specific visual tasks, the 
relevant illuminance level lies in the range from 500 to 1,000 luxes. As shown in the figure, 
the overlapping area gives the highest value in illuminance, which could cause some 
uncomfortable contrast in the visual field. This is because the visual appearance of an object 
and its surrounding depends on the perception and adaptation by human visual system largely 
influenced by the luminances of the various elements present in the visual field. For the case 
considered, it might be more adequate to use one dish instead of two to avoid the 
aforementioned visual disturbances. 
Lux 
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Figure 4.19 Simulated results by RADIANCE (two emitters) 
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4.3 Test Cells in Jeju 
Two identical test cells were built on Jeju to compare various aspects of daylighting 
effects on indoor environments. The test cells enable accurate measurements of major 
variables at different times under identical conditions. Also, the results obtained could be 
further extended to real buildings in similar situations. 
4.3.1 Construction of the test cells 
The test cells are built with prefabricated sandwich panels where a 4.7mm polystyrene 
foam insulation panel is sandwiched in between metal skins of 1.5mm thick. Figure 4.18 
shows its plan view with a south facing window of 1,200mm x 900mm. The length, width 
and height are 3,000mm, 1,500mm and 1,500mm, respectively. Daylight can enter its interior 
space only by the window or through the terminal device (optical lens, etc) attached to the 
dish-daylighting system. A small peep-hole with a cover is prepared at the center of the north 
wall to take pictures of its interior at any time. It is also equipped with an electric fan to 
prevent overheating by daylight. 
Figure 4.20 Plan view of the test cell 
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Seven photo sensors (black dots in the figure) were installed at a height of 400 mm above 
the floor with an interval of 450 mm. A cross shaped adjustable metal mount was prepared 
and placed on the floor to provide a uniform height for sensors as shown in the figure. 
Besides on the floor, a photo sensor was mounted at the center of the north wall, east wall 
(semi-circular black dots), and ceiling. The one on the ceiling is indicated by the circular 
black dot in a square located as the third one from the right end of the mount. 
(a) 
w 
(b) (c) 
Figure 4.21 Two identical test cells built for performance assessment of daylighting 
systems : (a) test cells, (b) daylighting system with dish concentrator installed 
on top, (c) daylighting system with funnel shaped concentrator installed on top 
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Figure 4.21 shows the photographs of two identical test cells built with a daylighting 
system on top of each. They were located on the roof of an office building, which has an 
unobstructed open view toward south allowing full exposure to sunlight suitable for 
daylighting measurements. As shown in this figure, the walls (exterior and interior) are 
painted light beige. Two sets of venetian blinds are installed on the south facing window 
which has six window panes in three rows and two columns. One set of venetian blinds is to 
provide shade for the window panes in the top row whereas the other is to cover the window 
panes in the second and third rows from top. 
4.3.2 Basic measurements 
Figure 4.22 presents the performance of daylighting systems in terms of illuminance ratio 
which refers to the ratio between inside and outside illuminance; one with a dish concentrator 
and the other with a funnel shaped concentrator. This is comparable to the daylight factor 
which measures the ratio of the illuminance at a select location within a space to the 
unhindered outdoor illuminance at the same moment, under identical sky conditions. Here, 
the illuminances used are instantaneously measured values at the point directly below the 
liminaire (diffuser). 
Both concentrators have the same circular projection area of 15 cm in diameter, which 
results in the same amount of solar rays first striking the reflector's surface. As shown, the 
daylighting system with a dish concentrator outperforms the one with a funnel shaped 
concentrator. The former shows a pattern of performance which changes with solar 
availability. Especially, it performs the best at noon when the air mass is close to 1. 
In comparison, the latter almost gives the same performance indifferent to solar 
availability. A series of tests revealed the occurrence of major reflection losses of incident 
solar radiation through the homogenizer tube. Except those parallel to and fall through the 
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straight portion of the homogenizer tube, a great portion of them are lost before entering the 
optical fiber cable. 
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Figure 4.22 Illuminance ratio of daylighting systems with different shapes of solar 
concentrators : dish, funnel shaped 
This was verified with the aid of a Fresnel lens placed at the entrance (conical mouth) of the 
concentrator, where sufficient amount of sunlight were available to enter the optical fiber 
cable. 
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Figure 4.23 Light transmitting efficiency of an optical fiber and liquid light guide cable 
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Light guides play a very crucial role in the performance of a daylighting system. Figure 
4.23 compares the light transmitting efficiency of the optical fiber (glass) and liquid light 
guide systems. As shown, the performance of the optical fiber cable is about 1.5 to 2 times 
better than the liquid light guide cable for the same length (5m). Also, light attenuates rather 
steeply with length (distance of travel), which could limit its application of a daylighting 
system with the kind of optical fiber cable considered here. When two lengths of 1.5m and 
5m are compared at different level of horizontal illuminance due to constant varying sky 
conditions, there was an average of 35.8% reduction in its performance as shown by the bar 
graphs. As the daylighting systems considered here mainly utilizes the beam component of 
solar radiation (illuminance), it is very important to accurately measure the beam and diffuse 
component at different times of the day during measurements. 
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Figure 4.24 Measuring the beam and diffuse component of illuminance (a) solar radiation (b) 
Figure 4.24 shows the instruments used to measure these components on a horizontal 
surface in the present study. As shown, a semicircular curved strip of metal is prepared on the 
sensor mounting stand to provide shades during measurements. The direct beam component 
of solar radiation is blocked from impinging on the sensors. To make accurate measurements, 
sensors must be mounted where they are level and placed at a place with a full view of the 
sky view without any obstructions. 
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Figure 4.25 shows how sky conditions affect the global total and diffuse illuminances at 
different times of the day. On a cloudy day (a), differences between the global and diffuse 
illuminance are relatively very small when compared to a clear day (b). 
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Figure 4.25 Variation of the global total and diffuse illuminance (outside) at different times 
on a cloudy(a) and clear day (b) 
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Figure 4.26 show the global illuminance and irradiance change with the sky conditions. 
Although there general profile looks similar, greater number of data are shifted in case (a) of 
the clear sky in comparison to (b) of the intermediate sky condition. 
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Figure 4.26 Global illuminance and irradiance (outside) for different sky conditions: 
(a) clear sky, (b) intermediate sky 
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4.3.3 Temperature measurements 
When daylight is introduced into a space, it brings warmth with it due to infrared portion 
of the electromagnetic spectrum. Moreover, sunlight admitted through windows or 
daylighting systems will eventually converted to heat (thermal energy). In the winter, this 
heat makes an asset such that there deems no limit to the amount of sunlight that might be 
introduced as long as glare and excessive brightness ratios are controlled. 
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Figure 4.27 Results of temperature monitoring on a clear day (10/6) : temperature 
variation of each sensor at various times of the day (a), temperature 
sensor(k-type thermocouple) location (b) 
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Heat is, however, a liability in the summer. Especially, for buildings in warm climates 
requiring no space heating, it is very important to collect the coolest daylight possible. 
Admitting just enough daylight to turn off electric lighting is the ultimate goal of daylight 
design. 
If a daylight design excludes direct sunlight and thus avoids direct heat gain, clear days 
will behave similarly to the overcast conditions. If direct sunlight is included, as it generally 
is in most cases, then it might be desirable to have the design tested by using a scale (mockup) 
model as in the present analysis or computer simulation. 
The problem due to seasonal variations of daylighting is most discernible with skylights. 
This is because much more sunlight is admitted through horizontal openings in the summer 
compared to wintertime. One way to alleviate this is to use south-facing vertical glazing 
instead since it lets in more sunlight in winter than during the summer. As aforementioned, 
unlike summer, when the amount of daylight let through should not go over a certain limit, it 
is desirable to collect as much daylight as possible during winter. Consequently, a daylighting 
system should only be applied after thorough consideration of both visual and thermal effects, 
and even more so in temperate climates with four seasons. 
Thermal measurements deliver crucial data in utilizing daylight for indoor illumination 
and space conditioning. The figures below present the monitoring results of a test cell when 
k-type thermocouples were placed at five different locations in its interior. To block any air 
infiltration from the ambient, the test cell was completely sealed and no air changes were 
made with the ambient during the hours of monitoring. Figure 4.27 (a) clearly indicates the 
uniformity of thermal conditions. As shown, no appreciable spatial differences are present 
between measured points regardless of their relative positions away from the window. This 
might be due to the relative smallness of the test cell, which enables active mixing of air and 
no thermal stratification in its interior. 
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Figure 4.28 presents some FLIR image of two test cells at about 1.5 hours interval. Again, 
the window was completely sealed and there were no room air changes with the ambient. The 
effect of the daylighting system is clearly illustrated by the difference in the temperature rise 
when monitored simultaneously. This, however, does not imply that the use of the present 
daylighting system would increase energy costs for space cooling. If a window is used instead 
admitting the same amount of daylight to the interior, it would definitely increase energy 
costs because of reduced thermal insulation. In addition, if the room air changes per hour are 
considered as in real situations, this heat accumulation by the daylighting could be readily 
controlled without undue difficulties. 
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(a) 
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(d) 
Figure 4.28 Thermal image by FLIR camera for two test cells at 9: 37 and 11 : 35 hours: 
test cell w/o (a), (c) and with the daylighting system (b), (d) 
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4.3.4 Illuminance measurements 
To investigate the indoor illuminance when lighting was solely provided by the present 
daylighting system (with a 30cm dish concentrator), measurements were made using the test 
cell where nine photo sensors were placed inside at an interval of 50cm and 40cm above the 
floor. Data were scanned for every five seconds and recorded with the aid of a data logger 
(Agilant 34970A). To block any light penetration from outdoors, the window, vent and other 
possible openings were completely sealed. 
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Figure 4.29 Iso-illuminance contour plots (in lux) with the convex lens 
to diffuse sunlight : (a) 2D, (b) 3D. 
Figure 4.29 shows the iso-illuminance contour plots when the convex lens (32mm) is 
applied to diffuse sunlight from the ceiling for indoor illumination. Due to its optical 
characteristics of a convex lens, light is mostly concentrated near the center reaching about 
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5,500 lux. This example case implicates the usefulness of the present daylighting system for 
spot lighting. 
When light rods are applied at the end of the optical cable in place of optical lenses, it 
shows a completely different picture, especially, in illuminance distribution. It is more 
uniform and less likely to cause any luminance as shown in Figure 4.30. 
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Figure 4.30 Illuminance distribution when two acrylic rods (sand-blastered) are used to 
diffuse sunlight for indoor illumination: (a) sky condition when measured, (b) 
light diffused from the rod, (c) and (d) luminance distribution 
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A series of measurements have been made using two test cells with different amount of 
sunlight admitted through the south facing window. Figure 4.31 shows the 
illuminance at 
each location of the photo sensor at 13: 00 hour on a clear day (10/6). Slats of the venetian 
blinds are tilted downward at 45 degrees for both test cells. Differences are quite patent. 
(a) 
(b) 
Figure 4.31 Illuminance at each location of the photo sensor at 13: 00 hour on a clear day 
(10/6): without (a) and with (b) a daylighting system 
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Figure 4.32 shows the average illuminance ratio of the test cells at different times of a day 
when blinds are tilted 45 degrees toward ground. There is a great difference between the two 
cells as the daylighting system pours in a great amount of sun rays into one of them. The 
illuminance ratios at each location of the sensor at different times on a clear day are given in 
Figure 4.33. 
Illuminance ratio 
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Figure 4.32 Average illuminance ratio of two test cells at different times of the 
day on a clear day (10/6) : Cell I (without a daylighting system), 
Cell 2 (with a 30cm dish-daylighting system) 
Figure 4.33 Illuminance ratios at each location of the sensor 
at different times of the day (10/6) 
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Figures 4.34 through 4.37 show the illuminance at each location of the photo sensor on a 
clear day for two test cells : without (a) and with (b) a daylighting system for different 
conditions of slats adjusted for venetial blinds. A concave lens is used for the diffuser in all 
cases. 
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(a) 
(b) 
Figure 4.34 Illuminance at each location of the photo sensor at noon on a clear day (10/4): 
without (a) and with (b) a daylighting system (slats are adjusted to a horizontal, 
level position) 
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Figure 4.35 Illuminance at each location of the photo sensor at 14: 00 hours on a clear day 
(10/5): without (a) and with (b) a daylighting system (tilted upward at 45 
degrees for both test cells) 
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In all figures, interior areas adjacent to the window aperture showed the highest level of 
illumination due to sunlight admittance from outdoors. This, however, changes and the 
illuminance rather drops off quite abruptly as measured by those sensors away from the 
window. The conditions imposed at the window, i. e, pull down and withdrawal of venetian 
blinds as well as adjustment of blinds' slat angle, also play major roles in the admittance of 
daylight into the interior space. 
In Figure 4.34, there is a deep penetration of sunlight into the interior as the slats in their 
horizontal position function as light shelves bouncing sun rays up towards the ceiling and 
reflect it down deeper into the interior space. Different from other cases compared, the 
maximum illuminance ratio, that exists between the window area and deep space (near the 
north wall) is measured to be less than 6: 1. This makes it as the exemplary case in 
achieving uniformity of lighting, which was further enhanced by employing our daylighting 
system near the north wall, Figure 4.34 (b). 
As shown in Figure 4.21 (a), the window installed on the south wall has three rows of 
windows with venetian blinds. The top row has a separate set of venetian blinds while the 
center and bottom rows of windows are covered together with another set of venetian blinds. 
Figures 4.35 and 4.37 give measured indoor illuminances at 2pm on a clear day where a 
different condition is imposed on the top row of windows. In Figure 4.35, both venetian 
blinds were rolled down and the slats were tilted upward at 45 degrees. The same strategy 
was also applied for the venetian blinds covering the center and bottom rows of windows in 
Figure 4.37 except the top one which was fully closed (rolled down and slats at vertical 
position). As shown, the effect of daylight admitted through from top is quite noticeable 
where the measured illuminance values are almost doubled besides the one located near 
the south window. It is likely that the reflections from this bright area can negatively affect 
the quality of indoor visual environment causing glares. 
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(a) 
(b) 
Figure 4.36 Illuminance at each location of the photo sensor at 11: 40 hours on a clear day 
(10/8): without (a) and with (b) a daylighting system (For both cells: venetian 
blinds on top 
- 
rolled up, venetian blinds below - slats closed) 
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Figure 4.37 Illuminance at each location of the photo sensor at 14: 00 hours on a clear day 
(10/9): without (a) and with (b) a daylighting system (For both cells: venetian 
blinds on top 
- 
closed, venetian blinds below 
- 
tilted upward at 45 degrees) 
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4.3.5 Photometric analysis by RADIANCE 
Daylight simulation can improve building designs and control applications. However, to 
reliably predict daylight availability indoors via computational simulation, reasonably 
detailed and accurate mathematical models are necessary. 
RADIANCE is considered as one of the most reliable ray-tracing software capable of 
producing photo-realistic renderings and calculating illuminance as well as luminance values. 
It could also generate luminance maps and ratios handy for estimation of visual comfort and 
glare control. The program's ability to accurately model the interaction between daylight and 
buildings (both inside and out) makes it an essential tool for designing and evaluating the 
visual environment of architectural spaces. Especially, its quality renderings in presenting the 
calculated results, which generally involve sophisticated mathematical procedures to solve 
various equations with physical constraints, facilitate the use of program in diverse situations 
of lighting design and simulation. For a successful daylighting design, it is very important to 
accurately estimate interior illuminance and luminance levels based on daylight penetration 
through various openings in surrounding walls. 
One of the primary concerns of efficient architectural design is the availability of quality 
daylight indoors. Designers use daylight simulation applications to test and improve daylight 
solutions. Most of these applications nowadays function with simplified sky luminance 
models. The standard sky models created with these tools do not, however, accurately 
represent the state of daylight because such models are not sensitive to luminance variations 
in different areas of the sky. Generally, the luminance of the sky area viewed from a point in a 
room is directly related to the illuminance level at that point whereas the other portions of the 
sky have their influence on the indoor illuminance rather indirectly, i. e., only by reflection. 
Figure 4.38 shows the change in sky conditions at different times of the day (9am, 
10: 30am, 12: 00pm, 2: 30pm and 4; pm) with its sky luminance distributions at different hours 
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using luminance ratio (contrast) maps produced by RADIANCE. As shown, luminances 
between the lightest and darkest areas of the sky constantly change with the sun's movement 
and cloud covers. In this figure, the sky images are prepared by a digital camera with fisheye 
lens, which makes it possible to capture sky images covering a 180° angle. From the pixels of 
an image, a direct model of the sky distribution luminance is developed by RADIANCE. An 
image in ttf-format received from a CCD camera (Model : Canon EOS 5D digital camera) is 
converted to pic-format, which is a default format in RADIANCE. This is readily 
accomplished by executing a submenu command "Edit Radiance Project" in ECOTECT. 
To obtain higher image quality results it is recommended first to change the image's 
resolution from higher values to 800x800 pixels in any standard image editor (e. g. in 
Photoshop). Selecting appropriate settings in the `Render settings' window in the Radiance 
control panel will give the luminance or illuminance values in the Radiance image viewer. 
Finally, choosing necessary options from the Radiance image viewer will run the simulation 
with the desired settings for contour lines/false color, scale, divisions and unit. 
As time passes by, sky conditions change, which are reflected by the luminance maps. 
The digital images of the sky are taken at the same point during its observation. Sky 
luminance data derived from digital images were converted to luminance map by 
RADIANCE as shown in (b), (d), (f), (h) and (j) in this figure. The region near the sun is 
represented by the contours of the highest luminance value. When compared to the rest of the 
sky, there exists a striking difference in its brightness readily observable to the naked eye. It 
is not a difficult task to track the change in time as its movement (of this bright region) across 
the sky is related to the passage of time. Although they do not present the actual luminance 
values and are generated by using the digital images taken by a camera (that is, based on the 
contrast ratio between areas), they reveal valuable information regarding the local clearness 
and brightness of sky conditions. 
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Figure 4.38 Sky luminance map at different hours : 9: 00 am, 10: 30 am, noon, 2: 30 pm, 
4: 00pm (produced by Radiance) 
Figures 4.39 
- 
4.43 show the iso-contour lines superimposed on the original image to 
demonstrate the spatial distribution of the illuminance and luminance values for test cells 
with and without the dish-daylighting system at different times of the day : 9am, 10: 30am, 
12: 00pm, 2: 30pm and 4: 00pm. Slats of the venetian blinds were tilted downward at 45 
degrees for both test cells. 
The daylighting contribution to indoor illuminance by the present daylighting system 
appears to be quite palpable as there are some appreciable differences observed for the 
photometric values measured at the corresponding locations of the test cells. As shown in the 
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figures, the illuminance and luminance values are given in numbers to the first decimal point 
for a number of selected locations to compare their relative magnitude on a one-on-one basis. 
At 9am, the luminance values given range from 69.2 cd/m2 to 163.2 cd/m2 for the case 
without any daylighting system (b) whereas the values of 78.2 cd/m2 to 165.8 cd/m2 were 
recorded when our daylighting system was introduced (f). These values are quite comparable 
to their corresponding cases of illuminance values, ranging from 66.7 lux to 164.7 lux (d) and 
72.0 lux to 165.2 lux (h), respectively. 
When similar comparisons are made for Figures 4.40,4.41,4.42 and 4.43, there are 
some differences readily noticeable among them as the sun moves constantly changing its air 
mass and altitude with time. Especially, the maximum and minimum of these values were 
observed at 2: 30pm, where the luminance values of 43.1 cd/m2 and 169.3 cd/m2 were 
recorded with the corresponding illuminance values of 49.6 lux and 164.7 lux for the case 
without any daylighting system. In comparison, the luminance values of 79.8.1 cd/m2 and 
171.5 cd/m2 were recorded with the corresponding illuminance values of 78.2 lux and 175.5 
lux for the case where our daylighting system was installed. 
These kinds of plots (representations) are useful in understanding luminance distribution 
patterns, luminance ratios and glare assessment. Especially, they make it easier to 
comprehend and to visualize the spatial luminance (or illuminance) distributions within a 
space without undue difficulties. 
It should also be noted that the maximum and minimum luminance (and illuminance) 
values given in these figures do not represent the exact maximum or minimum values 
spatially distributed. They should rather be interpreted as the local representative photometric 
values for the different areas inside a test cell for comparative analyses. Excessive brightness 
or uneven distribution in the field of view could be readily perceived (assumed) with varying 
degrees of light and dark profiles. 
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As previously done for the Nottingham test chamber and the office space in Jeju, 
simulations are performed using RADIANCE. Figure 4.44 shows a general view of the 
model image of the test cell to be used for RADIANCE simulation whereas its transparent 
perspective view is given in Figure 4.45. 
Figure 4.44 A general view of the model image of the test cell for RADIANCE simulation. 
Figure 4.45 A perspective view of the model image for RADIANCE simulation. 
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Figures 4.46 
- 
4.55 are the results of RADIANCE simulation at different times of the 
day (9am, 10: 30am, 12: 00pm, 2: 30pm and 4: 00pm) with the slats tilted downward at 45 
degrees. It is assumed that the test cells are located in Seoul (Latitude: 37.5°, Longitude: 
126.9°E) and the amount of light (total lumens) emerging from the diffuser (of the applied 
daylighting system) is based on the measured values on a typical clear day (October 6,2009). 
The figures present spatial distribution of luminance and illuminance values at a number of 
points on different surfaces along with their contour maps and false color images. The results 
given are prepared using the images rendered by Radiance. At each hour, the luminance (a) 
and illuminance (c) coutours are given along with their values at a number of selected 
locations: (b) luminance, (d) illuminance. Also, false color images are given for luminance (e) 
and illuminance (f) distributions, where a range of colors is assigned to a range of luminance 
(or illuminance) values. The same set of figures are prepared for both test cells without 
(Figures 4.46,48,50,52,54) and with (Figures 4.47,49,51,53,55) the daylighting system 
(using a 30cm dish concentrator). 
Figures 4.46 and 4.47 present images of the indoor lighting conditions of the model test 
cells at 9am. There is quite a contrast in the density of the luminous flux and brightness 
between the area (on the desk plane) near the window and away from it, especially, on the 
task plane (round table top), Figure 4.46. The predicted illuminance of 215.8 lux at the desk 
plane is more than four times than that at the task plane. It deems impossible to procure a 
balance between the light levels of these areas if no additional lighting is provided. In Figure 
4.47, some good improvements are shown for the indoor lighting conditions as compared to 
Figure 4.46. As sunlight is introduced into the poorly illuminated areas away from the 
window, both luminance and illuminance values markedly increase to attain 98.8 cd/m2 and 
374.7 lux, respectively. This is well presented by the false color images, (e) and (f), in these 
figures. 
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Figure 4.46 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (without the daylighting system) : 9: 00am 
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Figure 4.47 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (with the daylighting system) : 9: 00am 
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Figure 4.48 Luminance and illuminance distribution superimposed on the rendered image 
by RADIANCE (without the daylighting system) : 10: 30am 
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Figure 4.49 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (with the daylighting system) : 10: 30am 
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As daylight is captured and introduced from top via the present dish-daylighting system, 
it provides greater freedom of source placement to achieve more uniform illumination and 
takes advantage of high wall surfaces and other architectural elements to distribute light 
where needed. It also adds flexibility in daylight utilization strategy of a deep interior space 
where light rays admitted through the window fail to furnish adequate lighting conditions 
despite a number of internal reflections on highly reflective surfaces. Figures 4.48 and 4.49 
further demonstrate the effect of applying the present daylighting system. As compared to the 
cases at 9am (in the previous figures), more daylight is available to illuminate the rear space 
of a room. The predicted luminance and illuminance values reach 158.6 cd/m2 and 613.4 lux, 
respectively. This is quite an increase over a span of 1.5 hours, which reflects the effect of 
reduction in air mass representing the optical path length through which beam radiation takes 
as it traverses the atmosphere. 
In general, the luminance and illuminance values are higher for the cell, which has the 
daylighting system to introduce additional daylight for indoor illumination. That is, the 
infusion of daylight by the dish-daylighting system provides a sufficient amount of light to 
the task plane. Especially, there is quite a difference on the task plane (a round table on the 
north side of the room). Differences in luminance and illuminance reach their peaks at noon, 
amounting to 696.5 cd/m2 and 2,703.5 lux, respectively. Also, since our daylighting system 
constantly tracks the sun, the illuminance on the working table is kept over 350 lux. It 
fluctuates from 374 lux at 9: 00am to 2,769 lux at noon. The latter is, of course, too much to 
establish a healthy visual environment. Some measures are necessary to control its intensity 
and to prevent any glares developed by surge of sun rays during bright sunshine hours. A 
simple attenuator could be installed just before the light exits the emitter (optical lens). 
Rather than using a circular optical lens, other designs could also be considered to spread 
light more evenly and widely. 
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Figure 4.50 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (without the daylighting system) : noon 
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Figure 4.51 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (with the daylighting system) : noon 
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Figure 4.52 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (without the daylighting system) : 2: 30pm 
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Figure 4.53 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (with the daylighting system) : 2: 30pm 
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The present model vividly demonstrates the light transmittance and overall daylighting 
performance of a window-venetian blind system in relation to the operation of a dish- 
daylighting system. Throughout the hours of analysis, there isn't enough solar penetration 
into the space due to the slats of the venetian blinds. Interior areas adjacent to the window 
aperture showed the highest levels of luminance and illuminance due to sunlight admittance 
from outdoors. However, moving further away from the window, this changes drastically. 
The luminance and illuminance values drop off quite sharply as presented by a number of 
reference point values, countour maps and false color images. 
Sunlight is mostly blocked from entering the test cell. Especially, on the working table, 
the illuminance level is too low for performing any task (for the test cell without the 
daylighting system). If there were no shading (venetian blinds) installed on the south window, 
excessive contrast could be developed due to flooding of sun rays through the window. 
As shown previously in Figures 4.31 through 4.37, venetian blinds used as interior 
shading devices allow versatility in the control of daylight transmission. Changing the slat 
angle of the blind should result in varied transmittance, especially on clear days when direct 
sunlight can be blocked. In addition, pull down and withdrawal of venetian blinds would also 
affect the indoor visual environment as much as adjustment of blinds' slat angle in link with 
the functional operation of a daylighting system. 
Achieving uniformity and excessive glare control appear to be the most important and 
pending technical issues to be resolved in applying the present dish-daylighting system as it is 
likely to develop a brighter area compared to the rest of the room. Deploying a number of 
units at the PASLI (Permanent Supplementary Artificial Lighting of Interiors) zone could be 
considered as one of the practical approaches. In addition, there's always the use of the 
hybrid lighting concept (daylight-linked lighting control systems), which will be discussed in 
the next section. 
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Figure 4.54 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (without the daylighting system) : 4: 00pm 
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Figure 4.55 Luminance and illuminance distribution superimposed on the rendered image by 
RADIANCE (with the daylighting system) : 4: 00pm 
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4.3.6 Hybrid lighting 
To find the optimal combination of a building and its lighting control system, one should, 
first of all, analyze the uses and functions of the said space, and then choose the light control 
strategy that would support this intent. Although light is indispensable for a space to function 
properly, providing a sufficient amount is often quite a difficulty. Thus, to promote space 
flexibility and to save energy, lighting control is an important design tool. This is because 
applying only the minimal light control would waste energy as unused lights are kept on. The 
effective combination of the benefits of sunlight with the consistency of conventional electric 
lighting is thus critical for the improvement of a building's energy efficiency. 
Using daylight harvesting is a good way to balance electric and natural lighting. A reason 
for this is that it automatically lowers electric light levels in the presence of daylight and 
increases them when there is less daylight. In doing this, daylight harvesting saves energy; it 
supplements the daylight available with electric lighting, maintaining the visual ergonomics 
of the space by emitting the appropriate amount of light onto the desktop. 
The sensor is essential; it detects the amount of daylight available then signals a controller, 
which then lowers or heightens the lighting as needed. The desired lighting conditions can be 
selected for the threshold on and off values. These sensors are able to switch on/off a variety 
of luminaires (illuminants) or lamps within them. They are also capable of running a 
continuous dimming system. 
The placement of the sensors is important as much as the number of sensors used in 
achieving adequate control of indoor lighting. The reason is because it influences the type 
of control algorithm being utilized. In many cases, the photoelectric cell or sensor is often 
placed on the ceiling and calibrated on site to keep the level of illuminance constant. If a 
daylighting system is to be innovative, it should simultaneously consider both sky conditions 
and direct sunlight admitted through various openings of the building. 
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Figure 4.56 A test cell built for hybrid lighting (dimming control) : plan view and venetian 
blinds installed for the window 
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Figure 4.56 shows a plan view of the test cell and its actual photo to test dimming control 
when applying a daylighting system. It has the shape of a cube with a dimension of 1.5m x 
1.5 in x 1.5m. The figure shows two dish-daylighting system installed on top of the test cell 
where its terminal devices (light diffusers) are symmetrically mounted with two 25W halogen 
lamps on the ceiling. Figure 4.57 shows the location of sensors on the floor and dimming 
control on the ceiling. Nine sensors are located at a height of 40cm at an interval of 50cm. 
The dimmer was manually adjusted to find the optimal range of operation with the 
daylighting system installed. 
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Figure 4.57 Location of sensors on the floor and dimming control on the ceiling 
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Figure 4.58 gives a 3D contour of iso-illuminance map when the daylighting system was 
in operation 
. 
The plot was prepared when the global Illuminance on a horizontal surface was 
measured at 99,634 lux. 
(a) 
Figure 4.58 Actual illuminance of the test cell when lit by the daylighting system: 
(a) Iso-illuminance contour, (b) sky condition when measured, 
(c) actual interior view when lit 
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Figure 4.59 shows a 3D contour of iso-illuminance map when the artificial lighting 
system was in operation for a cloudy sky. The plot was prepared when the global Illuminance 
on a horizontal surface was measured at 25,298 lux. 
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Figure 4.59 Actual illuminance of the test cell when lit by the artificial lighting system: 
(a) Iso-illuminance contour, (b) sky condition when measured, 
(c) actual interior view when lit 
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As shown in the above figures, Figure 4.58(a) and Figure 4.59(a), there is quite a 
difference between the indoor lighting environments created by the daylighting and artificial 
lighting. Especially, the maximum illuminance measured directly below the luminaire shows 
a fluctuation of more than 500lux, which is definitely beyond an acceptable range. That is, 
too much sunlight is introduced through the diffuser in clear sky conditions as no measures 
were considered to control its flow via optical fiber cable. 
This, however, could be easily adjusted manually or automatically, which allow more 
flexibility in fulfilling the needs and requirements of occupants with different preferences. 
Especially, the illuminance levels could be controlled in accordance with the outdoor 
conditions by using a number of light sensors and control units to check flow of light streams 
from the diffuser. The following shows one of such schemes: 
" Place a sensor (sensor #1) on the window to measure outdoor illuminance. 
" Place a sensor (sensor #2) on the window to measure indoor illuminance. 
" Place a sensor (sensor #3) on the opposite side of the wall farthest from the window. 
" 
Install a dimmer unit with four light blocking covers operated by an electronic circuit 
unit controlling the DC motor to place an appropriate cover for the diffuser on the ceiling: 
Figure 4.60. 
" Compare the voltage output from the sensors #1, #2 and #3. 
(if the compared reading of sensor outputs is beyond a preset range, it activates the 
dimmer unit 
- 
DC motor control module). 
" Control the amount of light emanating from the diffuser 
When the difference between sensor #1 and #2 is large (beyond a preset value), no 
blockage (attenuator) is used. 
If sensor #1 is within a preset range (e. g., 70,000-80,000 lx) or sensors #2 and #3 
read output beyond a preset range (too bright), block one diffuser using a cover. 
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Figure 4.60 A dimmer unit with four light blocking covers : covers I, 2 
- 
partial blocking, cover 3-complete blocking, cover 4- no blocking 
The system described so far has used a rather simple approach in utilizing daylight in link 
with a conventional electric lighting system. Apart from this, however, the control system 
may be designed to regulate the flux output of each source and light from the two sources 
could be delivered using separate output components whose photometric properties may 
differ significantly. In any case, daylight is combined with electric light prior to delivery in 
hybrid lighting and it is very important to select the right electric luminaire (source) that is 
akin to daylight. Its color temperature (or CRI), light intensity and uniformity should be 
comparable with daylight to achieve hybrid lighting in an ideal way. Here CRI refers to the 
color-rendering index, which compares the color content of a light source with daylight. The 
maximum value of 100 is given for a perfect match with daylight. 
Because of the limited dimming capability of our system, variation in output was achieved 
by manual switching. This, however, put a limit on timely response to match the speed which 
could compensate in real time for quick variations in the external illuminance. This suggests 
that the success of hybrid lighting depends on both the nature of light source as well as the 
technology to synchronize its functional operation in harmony with natural daylight. 
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4.3.7 A comparative analysis using Radiance (for Seoul and London) 
The model now has been extended to predict luminance and illuminance distributions for 
the model test cell if located in UK (London: 51.5°N, Longitude: 0.126°W) and Korea 
(Seoul : Latitude: 37.5°N, Longitude: 126.9°E). Seoul and London are chosen here for the 
seasonal analysis of applying the dish-daylighting system as they are the representative cities 
of Korea and Seoul. Moreover, the weather data were available for computer simulations. 
Figures 4.61 
- 
4.76 are the results of RADIANCE simulations at noon for March 20 
(vernal equinox), June 21(summer solstice), September 22(autumn equinox) and December 
21 (winter solstice). Here it is assumed that venetian blinds are installed inside the south 
window with slat angles tilted downward at 45 degrees. Also, the amount of light (total 
lumens) emerging from the diffuser (of the applied daylighting system) is based on the 
measured values on a typical clear day (October 6,2009) in link with the beam component of 
solar radiation from the weather data of ECOTECT (Weather Tool). 
Table 4.4 Solar radiation data for Seoul and London at equinoxes and solstices at noon 
City 
Jeju (reference) 
Seoul 
London 
Season 
Autumn 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Date 
10/6/2009 
3/20 
6/21 
9/22 
12/21 
3/20 
6/21 
9/22 
12/21 
Time 
12: 00 
12: 00 
12: 00 
12: 00 
12: 00 
12: 00 
12: 00 
12: 00 
12: 00 
Direct Beam Radiation 
[W/m2] 
796 
165 
520 
395 
150 
320 
40 
150 
140 
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This was the only option available to carry out the simulation for those specific days 
(equinoxes and solstices) mentioned above as measured illuminance data could not be 
obtained. In the ECOTECT's weather file library, the beam component of solar radiation is 
given in terms of energy received on a given surface area in a given time; i. e., W/m2. The 
quantity is measured on a surface directly facing the sun by arranging the measurement 
surface to track the sun as it moves across the sky. The direction of incident beam radiation is 
always normal/straight on to it. 
As the present system constantly tracks the sun, its output will be definitely proportionate 
to the beam component of solar radiation and it deems reasonable to predict its performance 
in this regard. There is currently an immense amount of solar irradiance data for many cities, 
but measured illuminance data are rarely available. Fortunately, the illuminance can be 
estimated by using the luminance efficacy values of solar radiation [Szokolay 2005]. 
Similar to those in Section 4.3.5, the spatial distributions of luminance and illuminance 
are quantified and presented for a number of selected points on different surfaces followed by 
the corresponding contour maps. Throughout the figures, there exists a noticeable contrast in 
the density of the luminous flux and brightness between the area of illumination (round table 
top) by the daylighting system and its neighboring area. Especially, in most of the cases, the 
luminance ratios between the task plane (round table top) and its adjacent surroundings are 
beyond the recommended values, one to one third. The task plane is over-illuminated such 
that it creates visual discomfort and some measures are necessary to control the sunlight 
gushing out from the diffuser on the ceiling. As aforementioned, this could be readily 
achieved by installing a simple optical attenuator prior to the diffuser emitter (optical lens) or 
by applying a different design for the diffuser, capable of spreading light more evenly and 
widely. For the latter, a cylindrical shape diffuser could be successfully applied as 
demonstrated by Figures 3.12 and 3.13. 
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Figure 4.61 March 20,12: 00 pm, Seoul (luminance) 
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Figure 4.62 March 20,12: 00 pm, London (luminance) 
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Figure 4.63 March 20,12: 00 pm, Seoul (illuminance) 
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Figure 4.64 March 20,12: 00 pm, London (illuminance) 
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Figure 4.65 June 21,12: 00 pm, Seoul (luminance) 
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Figure 4.66 June 21,12: 00 pm, London (luminance) 
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Figure 4.67 June 21,12: 00 pm, Seoul (illuminance) 
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Figure 4.68 June 21,12: 00 pm, London (illuminance) 
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Figures 4.61 to 4.64 show the luminous and illuminance distribution of the model test 
cell at the vernal equinox. They exhibit quite a difference in the indoor lighting conditions as 
they are mainly governed by the directed sunrays delivered indoors by the daylighting system 
and the amount of light entering through the slats of the venetian blinds installed at the south 
window. When Seoul and London are compared, the sky condition in London allows more 
direct solar radiation available for the daylighting system and results in brighter but steeper 
luminance gradients. On the task plane (the round tabletop), the luminance could reach as 
high as 543.4 cd/m2 before it decays exponentially to match that of its neighboring area. The 
concentric circles representing iso-luminance (Figure 4.65 (b)) and iso-illuminance contours 
(Figure 4.67 (b)) near the task plane graphically demonstrates this change in photometric 
properties. The highest illuminance is also predicted at the corresponding point on the task 
plane; 2,136.6lux, which is comparable to 2,618 lux for Seoul in vernal equinox, Figure 4.71. 
Similar patterns are observed for the luminance and illuminance distributions of Seoul, 
especially, around the task plane but with less intensity. As shown in Figures 4.61 and 4.63, 
the maximum luminance and illuminance values are predicted at the center of the task plane 
directly below the diffuser, which are 294.8 cd/m2 and 1,140.3 lux, respectively. It should, 
however, be pointed out that the direct solar radiation values used here do not necessarily 
represent the typical value for the day. Rather than the values given in Table 4.4, it might be 
more realistic to use the average around the day of interest including itself. Also, since the 
present daylighting system only utilizes the direct beam component of solar radiation, it is 
more important to have a sky condition with the least amount of suspending particles or gas 
molecules (1120), that is, a high clearness index. The clear sky index is the ratio of the global 
horizontal solar radiation for a given atmospheric condition to the extraterrestrial horizontal 
solar radiation. In fact, the present dish-daylighting system would perform most effectively in 
desert climate conditions. 
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Figure 4.69 September 22,12: 00 pm, Seoul (luminance) 
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Figure 4.70 September 22,12: 00 pm, London (luminance) 
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(a) 
Figure 4.71 September 22,12: 00 pm, Seoul (illuminance) 
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As for the summer solstice, it shows two extremes of the indoor lighting caused by the 
present daylighting system. The case for London, Figure 4.66 (Figure 4.68), is 
representative of the meager performance of the daylighting system whereas the case for 
Seoul gives an example of its outstanding performance, Figure 4.65 (Figure 4.67). 
When compared to vernal equinox, there is a turnover in the photometric properties on 
the illuminated area on the task plane. Figures 4.69 and 4.71 clearly demonstrates that both 
the luminance and illuminance values on the round table top and its vicinity for Seoul are far 
higher than those for London, Figures 4.70 and 4.72. This is quite a change (reversal) since 
it was the other way around as represented by Figures 4.61 to 4.64. 
As the winter solstice, both locations display a similar pattern of variations in the indoor 
lighting conditions. Especially, there are no appreciable differences observed for luminance 
and illuminance within the area of illumination by the daylighting system. This is well 
represented by the percentage difference of these values, which falls in within the range of 
less than ten percent as shown in Figures 4.73 through 4.76. 
In general, the simulated results again recommend some improvement in uniformity for 
the lighting design and control of the present dish-daylighting system. Unless the sunlight 
introduced through the diffuser propagates at an intensity comparable to that admitted 
through the window, it deems the brightness contrasts are often beyond the acceptable range 
as witness in the previous cases, i. e., an office building unit, test cells and etc.. As often 
encountered by other daylighting devices (systems), it should provide functional 
compatibility and be in harmony with the architecture and local daylight environment which 
might be sometimes unique or require to meet location-specific characteristics of a place. 
Along with clearly defined descriptors that are rather readily retrieved, considerations should 
be made for those factors responsible for specific requirements stemming from architectural 
design and other local conditions in order to achieve high-quality daylighting applications. 
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Figure 4.72 September 22,12: 00 pm, London (illuminance) 
162 
laJ 
lb) 
Figure 4.73 December 21,12: 00 pm, Seoul (luminance) 
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Figure 4.74 December 21,12: 00 pm, London (luminance) 
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Figure 4.75 December 21,12: 00 pm, Seoul (illuminance) 
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(a) 
Figure 4.76 December 21,12: 00 pm, London (illuminance) 
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4.4 Summary 
The applicability of the dish-daylighting daylighting system has been tested for different 
types of buildings by a series of photometric measurements and simulations. Especially, a 
number of test cells are designed and built to assess its performance under specified 
conditions including that in link with a hybrid lighting scheme. A daylighting system with 
two 15 cm dish concentrators was used in combination with two 25W halogen lamps, which 
were controlled by a dimmer switch with automatic on-off function. Achieving uniformity 
and maintaining an adequate level of indoor illumination deem the most important technical 
issue in applying the present dish-daylighting system. The experiment on actual building has 
revealed its functional characteristics for different configurations and designs, which are 
applicable to more realistic situations. Measurements were carried out for buildings in 
Nottingham (United Kingdom) and Jeju (Korea), which lay the basis for computer 
simulations under different weather conditions. 
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5. CONCLUSIONS 
Active daylighting systems using different shapes of solar concentrators (dish and funnel 
shaped) are designed, fabricated and tested for their photometric characteristics and 
applicability in improving the energy efficiency and lighting conditions of a building. A series 
of simulations and experimental measurements were carried out to elicit the most effective 
model and to establish its reliability in reality. The dish-daylighting system proposed here 
provides an exciting new means of implementing solar lighting not just for energy efficiency 
itself but for true wellbeing and benefits of the people inside the building. 
The models proposed here could be applied to different types of building as long as they 
could bring sunlight onto the surface of a concentrator. Especially, the dish concentrator 
design has shown greater potential than the funnel shaped in its design, fabrication, 
installation and, above all, performance. Since our system constantly tracks the sun, it 
delivers a rather uniform solar intensity during its hours of operation. Especially, it could be 
effectively used for hybrid light systems with the aid of a dimmer. The experimental results 
obtained by its application on a test cell provide practical guidelines for actual 
implementation of the system. 
Also, it deems useful to introduce a ray tracing simulation tool like PHOTOPIA to 
eliminate extra design variables and fix on a set of essential ones from its initial stage of 
design procedure. It turned out that this type of simulation offers the experimenter to assess 
some important design factors such as the shape of the parabolic dish or the size and shape of 
the reflectors to be tested and analyzed without undue difficulties. 
Those results obtained by a series of tests using photometric instruments (such as 
goniophotometer and etc. ) were useful in establishing an informative and comprehensive 
assessment of the system. In order to determine the workplane illuminance cast by the system, 
the spatial distribution of light emerging from the terminal device (diffuser) of an optical 
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fiber cable needs to be verified. 
Of the six cases tested, the circular shape acrylic rod spreads out the light most widely 
followed by semi-concave lens (75 degrees) whereas the semi-convex lens (45 degrees) has 
shown the smallest light spreading ability. Compared to the optical lenses, the shallow 
cylindrical acrylic rod(sand-blastered) has shown the possibility of using similar shapes of 
diffusers to promote uniformity with the application of high concentration daylighting 
systems considered in the present analysis. 
It is noteworthy that the indoor illuminance is not necessarily proportionate to the outdoor 
illuminance because the present dish-daylighting system tracks the sun utilizing only the 
beam component of solar irradiation. This was also verified by the luminance ratio maps 
generated by RADIANCE, which displays various color scales onto the intensity values of a 
digitized photograph of the object taken with a fish-eye lens. On a clear day, the illuminance 
ratios of 1.8 
- 
3.5 were recorded at the center of the lighted area by the daylighting system. 
This is quite a contrast where the illuminance ratios of 0.6 
- 
0.8 were observed when daylight 
was solely admitted by a window located on the south wall. 
When Seoul and London were compared for its performance on one-on-one basis at 
equinoxes and solstices by RADIANCE, it also showed similar results which totally reflected 
the availability of direct solar radiation on the day. For London, luminances at the center of 
the task plane at noon varied from 87.2 cd/m2 (summer solstice) to 543.4 cd/m2 (vernal 
equinox) whereas, for Seoul, it fluctuated from 261.5 cd/m2 (winter solstice) to 891.8 cd/m2 
(summer solstice). The corresponding illuminances were 342.5 lux 
- 
2,136.6 lux for London 
and 1,012.4 lux 
- 
3,455.2 lux for Seoul, respectively. 
It appears the present dish-daylighting system could be effectively applied in bringing 
natural daylight to non-daylit areas or interior spaces too deep for conventional daylighting 
apertures. If suitably used with artificial lighting, the daylighting system adds some flexibility 
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in indoor lighting as it allows individual control over the quality and quantity of light in space. 
A user can make delicate adjustments selectively to meet his individual preferences for 
lighting conditions in terms of illuminance level (uniformity), brightness and even color 
rendition. Most importantly, the system promotes healthy circadian rhythms, reduces stress, 
and improves productivity in addition to saving energy as sunlight produces less heat per unit 
of light than electrical lighting. 
The present dish-daylighting system is not just functionally reliable but also economically 
viable as it could be readily integrated with the architecture and is simple in its system 
configuration. Especially, somewhat different from the existing systems, the modular design 
of its main components allows the application of off-the-shelf technologies for mass 
production. It is expected that the system has the potential to save energy use by more than 20 
percent if correctly applied to supplement electric lighting with the aid of a suitable controller. 
Further extension work is recommended for a complete economical analysis on the 
system as well as for using numbers of dish concentrators to collect more daylight and to 
effectively distribute it into building interiors in harmony with the existing light fixtures. 
Especially, it would be desirable to test its performance with other types of daylighting 
systems in operation such as light pipes. 
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IESNA Coefficients of Utilisation Table 
Date: 11/122009 
calling 
cavity 60% 70% 50% 30% 10% 0% 
R. n. ct.: 
Wall 50% 30% 10% 50% 30% 10% 50% 30% 10% 50% 30% 10% 50% 30% 10% 0% 
Room Coefficients of Utilisation for 20% 
Ratio Effective Floor Cavity Reflectance 
0 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
1 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
2 0.05 0.04 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
4 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
5 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 
6 0.04 0.04 0.03 0.04 0.04 0.03 0.04 0.04 0.03 0.04 0.04 0.03 0.04 0.04 0.03 0.03 
7 0.04 0.04 0.03 0.04 0.04 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.03 
6 0.04 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 
9 0.04 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
10 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
`PhotometrkCentn v4.03 Copyright (C) Photomeork folu0onf Internatlonal I001-2008, 
--; --- ýu% ` 
1 
Photowerk Sollions bit. nat oral Pty ltd 
factory Two, 21-29 Rahway Ave 
Hunt , gdaN. Vk, 2106, AUSTRALIA 
Tak +01 2 9548 1879 
Par +417 0568 as? 
www. Photom erkSokdont. com 
pop 1o o/27 
180 
Report Number: 
Catalog Number: 
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Correction Factor Used: White 
Illumination Levels 
y (m) 
3.0 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 
0.01 0.01 0.01 0.02 0.02 0.04 0.05 0.07 
2A 0.01 0.01 0.02 0.03 0.05 0.07 0.10 0.16 
0.01 0.02 0.03 0.05 0.08 0.15 0.24 0.33 
1.8 0.01 0.02 0.05 0.08 0.17 0.30 0.50 0.75 
0.02 0.04 0.07 0.15 0.31 0.57 0.94 1A0 
1.2 0.02 0.05 0.10 0.25 0.52 0.94 1.55 2.33 
0.03 0.06 0.16 0.36 0.77 1.39 2.31 3.58 
0.6 0.04 0.07 0.21 0A8 0.98 1.80 3.16 4.90 
0.04 0.08 0.25 0.58 1.19 2.20 3.77 5.80 
0.0 0.04 0.08 0.26 0.61 1.26 2.32 3.95 5.86 
0.04 0.07 0.24 0.58 1.19 2.11 3.63 5.51 
-0.6 0.03 0.07 0.20 0.47 0.98 1.76 2.98 4.48 
0.03 0.05 0.14 0.33 0.77 1.39 2.16 3.25 
4.2 0.02 0.04 0.08 0.23 0.49 0.90 I A6 2.12 
0.02 0.03 0.06 0.13 0.27 0.55 0.87 1.28 
4.8 0.01 0.02 0.04 0.06 0.16 0.27 OA5 0.68 
0.01 0.01 0.02 0.04 0.08 0.17 0.22 0.29 
-2.4 0.01 0.01 0.02 0.02 0.06 0.09 0.08 0.13 
0.01 0.01 0.01 0.02 0.04 0.06 0.05 0.05 
-3.0 0.01 0.01 0.01 0.01 0.04 0.04 0.03 0.03 
-3.0 -2A -1.8 -1.2 
Data: 18/12/2008 
0.04 0.04 0.04 0.04 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 
0.08 0.09 0.09 0.09 0.08 0.06 0.05 0.03 0.02 0.01 0.01 0.01 0.01 
0.21 0.24 0.24 0.23 0.20 0.15 0.09 0.06 0.04 0.02 0.02 0.01 0.01 
0.46 0.56 0.59 0.55 0.45 0.32 0.22 0.14 0.07 0.05 0.02 0.02 0.01 
0.99 1.18 1.24 1.16 0.95 0.71 0.46 0.27 0.15 0.07 0.04 0.02 0.01 
1.84 2.16 2.31 2.15 1.80 1.34 0.87 0.52 0.26 0.13 0.06 0.03 0.02 
3.16 3.73 3.93 3.61 3.02 2.23 1.47 0.85 0.44 0.21 0.09 0.04 0.02 
4.89 5.72 5.94 5.53 4.50 3.35 2.16 1.26 0.66 0.29 0.14 0.06 0.03 
8.23 7.08 7.69 7.46 6.06 4.37 2.91 1.65 0.85 0.41 0.18 0.07 0.03 
8.69 7.45 8.57 8.82 7.19 5.05 3.47 1.96 1.01 0.48 0.21 0.07 0.04 
6.72 7.54 8.72 8.97 7A9 5.33 3.67 2.08 1.08 0.52 0.22 0.07 0.04 
6.75 7.53 8.49 8.39 6.80 4.93 3.44 1.92 1.01 0.49 0.21 0.07 0.03 
5.85 6.86 7.37 6.85 5.53 4.17 2.85 1.62 0.84 0.40 0.18 0.06 0.03 
4.32 5.09 5.38 4.93 4.14 3.19 2.05 1.22 0.64 0.29 0.13 0.05 0.02 
2.83 3.32 3.52 3.36 2.82 2.07 1.36 0.79 0.42 0.21 0.08 0.04 0.02 
1.69 1.99 2.11 1.98 1.66 1.22 0.78 0.48 0.25 0.12 0.05 0.03 0.02 
0.87 1.04 1.11 1.02 0.84 0.64 0.42 0.25 0.14 0.06 0.04 0.02 0.01 
0.40 0.48 0.51 0.48 0.40 0.28 0.20 0.12 0.06 0.04 0.02 0.01 0.01 
0.17 0.20 0.21 0.20 0.17 0.12 0.07 0.05 0.04 0.02 0.01 0.01 0.01 
0.06 0.06 0.06 0.06 0.06 0.05 0.04 0.03 0.02 0.01 0.01 0.01 0.01 
0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
-0.6 0.0 0.6 1.2 1.8 2.4 3.0 
x(m) 
Horizontal Illuminance 
All illuminance values in lux 11000 Im 
Table Average: 1.15 Table Maximum: 8.97 Table Minimum: 0.01 
Mounting Height " 2.7 m 
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Average Luminance Table 
Date: M12/2009 
All luminance values expressed In cd I squ. m 11000 Im 
Azimuth: 0 45 90 135 180 235 270 315 
Elevation 
0 111000 111000 111000 111000 111000 111000 111000 111000 
45 3680 4220 4500 4690 4050 6640 3290 3480 
55 822 914 853 944 761 944 1160 944 
65 868 951 827 992 909 909 909 909 
75 817 675 742 945 675 1150 2360 945 
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Luminance Limiting Curve 
Date: 18/1212009 
Glare 
Rating 
Quality 
Class 
Service Values of Illuminance (Ix) 
1.15 A 2000 1000 500 <300 e f gh 
1.5 B 2000 1000 Soo <300 
1.85 C 2000 1000 500 <300 
2.2 D 2000 1000 500 <300 
2.55 E abc d 2000 1000 500 <300 
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Correction Factor Used: White 
Luminous Flux Table 
Datr 11/12/2009 
Elevation Cone Lumens Cumulative Lamp % Luminalre % 
0' 0.00' 
- 
2.50' OA OA 0.0 0.8 
5' 2.50'-7.50' 3.0 3A 0.3 7.3 
10' 7.50' 
-12.50' 5.7 9.1 0.9 19.7 
15' 12.50'"17.50' 7.7 16.8 1.7 36.3 
20' 17.50' 
" 
22.50' 8.4 25.3 2. S 54A 
25' 22.50' 
" 
27.50' 7.8 33.0 3.3 71.2 
30' 27.50' 
- 
32.50' 5.9 39.0 3.9 83.9 
35' 32.50' 
- 
37.50' 3.9 42.8 4.3 92.3 
40' 37.50' 
-42.50' 1.9 44.7 4. S 96.3 
45' 42.50' 
" 
47.5O' 0.6 45.3 4.5 97.7 
50' 47.50' 
- 
52.50' 0.2 45.6 4.6 98.2 
55' 52.50' 
- 
57.50' 0.1 45.7 4.6 98.5 
60' 57.50' 
" 
62.50' 0.2 45.9 4.6 98.9 
65' 62.50' 
-67.5(r 0.1 46.0 4.6 99.1 
70' 67.50' 
. 
72.50' 0.1 46.1 4.6 99.3 
75' 72.50' 
- 
77.50' 0.1 46.2 4.6 99.5 
80' 77.50' 
. 
82. W 0.1 46.3 4.6 99.7 
85' 82.50' 
" 
87.50' 0.1 46A 4.6 100.0 
90' 87.50' 
. 
90.00' 0.0 46A 4.6 100.0 
Ught Output Ratio a 4.6% (DLOR " 4.6%. ULOR " 0.0%) 
6- PhotomatticCantra v1.03 Copyright (C) Photonmtrk SoNrdons Intarnatkmal 20042008 
Photomstrk Soludons ircsmadond Pry Ltd 
-. Z%84; 4, 
Pactory7w0.21"2lRdlwayAva 
NumMydab, Vk, 3144, AUS7RALIA 
0"# ,ýý Tot +413 /548187/ ý04\ Par +413 8548/647 
64 1% www. Phoron»trk3oNrtlons. com 
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Report Number: Date: 18/12/2009 
Catalog Number: 
Description: J. 
-1 
Corncaon Factor Used. White 
Luminous Intensity Table (cd / 1000 Im) (Continued) 
y %C 320.0 325.0 330.0 335.0 340.0 345.0 350.0 355.0 360.0 
0.0 63.6 63.6 63.6 63.6 63.6 63.6 63.6 63.6 63.6 
5.0 66.2 66.8 66.7 67.0 67.0 67.3 67.5 67A 67.3 
10.0 62.5 62.9 62.8 63.3 63.6 63.7 64.3 64A 64.6 
15.0 51A 52.2 52.0 51.8 51.7 52.6 52.5 52.9 53.0 
20.0 41.1 41.6 41.2 41.7 41A 41.6 41.8 41.9 42.1 
25.0 32.1 32.0 32.5 32.4 32.6 32.6 32.8 32.7 33.2 
30.0 20.6 19.7 20.5 20.0 20.4 20.1 20.1 20.4 20.2 
35.0 11.1 11.1 11A 11.1 11.3 11.2 11.2 11A 11.4 
40.0 4.8 4.8 4.9 4.9 4.9 5.0 5.0 4.9 5.0 
45.0 1A 1A 1A 1.5 1.4 1.5 1.5 1.5 1.5 
50.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
55.0 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
60.0 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.2 0.3 
65.0 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 
70.0 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 
75.0 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.1 
80.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
85.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.1 
90.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
t-ý Photon»trkGntn v/. O3 Copyright (C) Photomark Solutions Internatlond 2001.2005 
I, 
i 
ý-- -Z ý%, ý 1` 
Photometric Solutions Intatnatlonal My Ltd 
factory Two, 21.20 Raltway Ave 
Huntingdab, Vic. 2146, AUSTRALIA 
Tot +613 0566 1670 
Par +613 0546 4667 
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Report Number: 
Catalog Number: 
Descfption: /e-1 
Correction Factor Used White 
Luminous Intensity Distribution 
-fv. v 
l 
ýI 
-75.0' 
160.0' 
4$. 0' 
i. a 
II 
16.0' 
C=0.0' 
C  136.0' 
C= 270.0' 
i 
_ý ý: ý- 
Ca /6.0' 
C 150.0' 
Cý31S. 0' 
PhotometricCentre v4.03 Copyright (C) Photometric Solutions lnternattonal 2004-2008 
1 
ýýý, ý 1i 
--- 
i'; ' ; \`% /If 
Photomark Solutions Mtarnatlonal Pry Ltd 
factory Two, 2129 Rahway Ave 
Mundngdala, Vic. 3188, AUSTRALIA 
Tot +613 9588 1879 
Fax: K1 7 9398 4"7 
www. Photometric Solutlon s. c om 
Date. 1&1212009 
V. V ý 
76.0' 
60.0° 
45.0' 
1i. 0' 3OJ 
Ci90.0' 
Ca 226.0' 
- 
Cs3b0.0' 
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Report Number: 
Catalog Number: 
Description: /0-1 
Correction Factor Used: White 
Photometric Solid 
Viewing Angle: Ca 315° 
Phototr»trlcCMtn v1.07 CopyrfOht (C) Photomenlc Solutions IntometfonN 2001.2008 
I 
--- -- 
i; ' ; '. ` % 
1 
Photomatrk Sokatons Int. rnaUonal Pfy Ltd 
Factory Two. 21.29 Railway Av 
Muntngdaio. Vk, 3166. AUSTRALIA 
Tal: 
-613 9568 1879 
Fax: K1 7 9568 4667 
www. Photoeopetrk3ohibons. com 
Date: 18/12/2009 
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Report Number: 
Catalog Number: 
Description: je-t 
Correction Factor Used: White 
Roadway Utilisation Factor Graph 
Utilisation 
Factor 
10.0 
9.0 
80 
70 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 
00 
Street Side 
iMwtottwbk SoMfons MMatnMlotW Ify ltd 
Factory Two. 21-29 RaMway A" 
MutdMpdaN. Vic, 31N, AU1TRAlM 
TN: +i1 79Si11179 
Fax: +413 MS 4647 
www. Photanioerk3ohnions. com 
2.5 
PlatometricCenntr v1.03 CopyrlpM (C) PbobnNlrk SoMttlom InhtrWlotwl 2004I00 
ýý! , Ii 
i'J; ': % /If 
I o. o o. s 1.0 1.5 
m 
2.0 
Date 1811212009 
I a 
3.0 3.5 4.0 4.5 5.0 
Ratio (Luminair" Spacing I Mounting Height) 
House Side 
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Report Number: 
Catalog Number: 
Descrlptlofl: Jeri 
Conecdon Factor Used: White 
Luminaire Details 
Luminaire Test Details: 
Photometry Type: Type C/Gamma 
Number of Lamps: 1 
Lumens per Lamp: 1000 
Luminous Dimensions: 
Base Area: 0.027 m Diameter 
Side Area: N/A 
End Area: N/A 
Luminous Shape: Circular 
-PhotomatrkCantrs v4.03 Copyright (C) Photomatrk Solutions Intarnationa120042008 
Photomatrk Solutions Intamatlonal Pty Ltd 
I 40 factory Two, 21.21 Railway Ave Huntingdal., Vic, 3166, AUSTRALIA 
0' t 4` 
` 
T. 1+11355511171 
It IP 
to I% www. Photomttrk$oksdons. com 
Date: 18/12/2009 
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Report Number: 
Catalog Number: 
Description: /e-1 
Correction Factor Used. WtWte 
TM5 Utilisation Factor Table 
Date: M1212009 
SNR Nominal 
" 0.75: 1 SNR Maximum " 084 1 
Reflectance Room Indes (K) 
Coiling Wall Floor 0.75 1.00 1.25 1.50 1 2.00 2.50 3.00 4.00 5.00 
0.70 0.50 0.20 0.04 0.01 0.01 0.05 0.05 0.05 0.05 0.05 0.05 
0.70 0.30 0.20 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 
0.70 0.10 0.20 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 
0.50 0.50 0.20 0.04 0.04 0.04 0.04 O. OS 0.05 0.05 0.05 0.05 
0.50 0.30 0.20 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 
0.50 0.10 0.20 0.04 0.04 0.01 0.04 0.01 0.05 0.05 0.05 0.05 
0.30 0.50 0.20 0.04 0.04 0.01 0.04 0.05 0.05 0.05 0.05 0.05 
0.30 0.30 0.20 0.04 0.04 0.01 0.04 0.04 0.05 0.05 0.05 0.05 
0.30 0.10 0.20 0.04 0.04 0.04 0.04 0.01 0.04 0.05 0.05 0.05 
0.00 0.00 0.00 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0 04 
. 
Distribution 
Floor: 0.03 0.04 0.04 0.01 0.04 0.04 0.01 0.04 0.04 
Factor, 
Wall: 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
Calling: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BZ Numbers: 1 11 1 1 1 1 1 1 
UnMamMy 
(min/ms: ) 
o. 8 
0.6 
04 
02 
00 
050 075 I 00 1 25 1.50 1 '75 ? 00 
Spacing to NitigAt Ratio 
PhotometricCentre 
v4 03 Copyright (C) Photornetric Solutions International 1001-1008 
ýI, i 
i'ý ; '%`% I8 
IhotarrNmk Sowtoons bwanatlorW ft Le/ 
Iactory Two, 21-l1 Rahway Aw 
MwwMgdahr, Vk. 71f/, AUSTRAIJA 
TW: N17ISII1171 
Fax: 4417 HIS dN7 
www. Ntorormmk seimons. caw 
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Report Number: 
Catalog Number: 
Description: /at 
Correction Factor Used. White 
TM5* Utilisation Factor Table 
Refloctanc" 
Coiling I Wall I Floor 
0.70 0.50 0.20 
0.70 0.30 0.20 
0.70 0.10 0.20 
0.50 0.50 0.20 
0.50 0.30 0.20 
0.50 0.10 0.20 
0.30 0.50 0.20 
0.30 0.30 0.20 
0.30 0.10 0.20 
0.00 0.00 0.00 
Distribution 
Factors 
Floor: 
Wall: 
Calling: 
BZ Numbers: 
Uniformity 
(minlava) 
1.25 
Based on TMS. except using Min I Ave = 0.8 as Spacing Criteria 
SHR Nominal 
  
0.75: 1 SHR Maximum - 0.90: 1 
0.75 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.03 
0.03 
0.01 
0.00 
I 
1.0 
-1 
0.8 
0.6 
---ý 
0.4 
--r 
0.2-ý 
7.00 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.01 
0.00 
I 
V- 0.50 0.75 
0.0 
---ý 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.01 
0.00 
1 I 
R 
1.50 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.01 
0.00 
1 
oom Ind*x ( 
2.00 
0.05 
0.05 
0.04 
0.05 
0.05 
0.04 
0.05 
0.04 
0.04 
0.04 
0.04 
0.00 
0.00 
I 
Date: 18/122009 
K) 
2.50 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.00 
0.00 
i 
3.00 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.04 
0.00 
0.00 
I 
4.00 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.04 
0.00 
0.00 
I 
5.00 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.04 
0.00 
0.00 
I 
1.00 1.25 1.50 1.75 2.00 2.25 2.50 
Spacing to Height Ratio 
PhotometrkCentre v4.03 Copyright (C) Photometric Solutions International 2004-2008 
Photometrk Solutions International Pry Ltd 
Factory Two, 21.29 Railway Ave 
Huntingdale, Vk, 2169, AUSTRALIA 
Tal: +413 8568 1879 
Fax: +613 6568 4667 
www. Photonwtric$oiubons. com 
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Report Number: 
Catalog Number: 
Dsscrlptlorr Je. 1 
Correction Factor Used. White 
Zonal Flux Diagram 
Cumulative 
Proportion 
of Lamp 
100.0 
Output (/") 90.0 
80.0 
70.0 
so. o 
500 
400 
300 
200 
100 
00 
00 
9.0 18.0 n. o 36.0 450 
Date 1&12/2009 
54.0 63.0 72.0 81.0 90 0 
Elevation Angle (") 
PAofonetncCMt/1 v4 03 CopyrpMt (C) P/afomet/K $o/uUont IntNrwfwnN 2004-2001 
PAotonwttrc SoMwbns AnNrnatlotW Pq Ltd 
Factory Two. 21.21 away Aw 
NuntMpdaN. Vic, 2144, AUtT11AW 
FAN: 
-/1)15441447 ýýý 
www. IlrotetnobicfoMrtlens. conr 
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7.2 Concave Lens 
Report Number: 
Catalog Number: 
Description: J@-2 
Conectlon Factor Used: Where 
CIBSE LG3 VDT Category 
Dm: 18/12/2009 
Category 1 Category 2 Category 3 
Starting Gamma Angle (') 550 65 0 750 
Final Gamma Angle (') 900 900 900 
Avg Luminance Found (cd/m') 543 3 5005 628 1 
Max Permissible (cd/m'). 2000 2000 2000 
Mar Luminance Found (cd/m') 32100 32100 32100 
Max Permissible (cd/m' 5000 5000 5000 
Result 
75' 
"r-i 
ýýý 
- 
ýt 
f ý: i 
ýýý 
. 
61 
4, 
1. 
PhotometricC. ntr. v1.03 Copyright (C) Photometric Solutions International 2004-2008 
.. 
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i'f ; V% /If 
rNcrom. ak soMMons wrt.. n. Uonr ft Lid 
Facrory Two. 11-2. RaMway Ave 
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Distribution Photometry Report 
Report Number: 
Catalog Number: 
Description: je-2 
Correction Factor Used: White 
Filename: Je"2. IES 
Results For: Test Details 
Luminous Intensity Distribution 
LID (Lowest 10%) 
Luminous Intensity Data 
Luminous Flux Data 
Luminaire Luminance 
IsoCandela Diagram 
IsoLux Diagram 
IsoLux 3D 
Illuminance Grid 
IESNA CoU Table 
TM5 UF Table 
TM5 UF Table (Variation) 
Roadway UF Graph 
Zonal Flux Diagram 
Luminance Limiting Curve 
CIBSE LG3 Rating 
Photometric Solid 
-PhotometrkCentn V4.03 Copyright (C) Photometrk Sokidona Internatonal 20042001, 
Phorom. rk Soknione Imemadonai Pry Ltd 
factory Two, 21-21 Railway Ave 
Huntingdal.. Vie, 2161. AUSTRALUI 
ý", ; T. 1 #613 1511 1171 pax +113 OS68 4667 
www. Ph-tom-tri, t, &Nions. com 
Date: 18/1212009 
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Report Number: 
Catalog Number: 
DescripNom: /. 
-2 
Correction Factor Used. Whit. 
IESNA Coefficients of Utilisation Table 
Coiling 
Cavity 
Reflect: 
Wall 
Reflect: 
Room 
Cavity 
Ratio 
0 
I 
2 
s 
1 
S 
6 
7 
I 
9 
10 
80% 
bo% 30% 10% 
0.06 0.06 0.06 
0.05 0.05 0.05 
0.05 0.05 0.04 
0.05 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.03 
0.04 0.04 0.03 
70N. 
50% 30% 10% 
0.06 0.06 
0.05 0.05 
0.05 0.05 
0.05 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
50% 
50% 30% 10% 
Date: I V12/2009 
30% iox 0% 
50% 30% 10% 
Coefficients of Utilisation for 20% 
Effective Floor Cavity Reflectance 
0.06 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.03 
0.03 
0.06 0.06 0.06 
0.05 0.05 0.04 
0.05 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.03 
0.04 0.04 0.03 
0.05 0.05 0.05 
0.05 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.03 
0.04 0.03 0.03 
L- PhotometrlcCentm v4.03 Copyright (C) Photometric Solutions International 2001.2008 
- 
%b, 46% 
%ý ýi 
--- "-- 
1 
Photometrk Solutions International Pty Ltd 
Factory Two, 21.26 Ralhvay Ave 
Huntingdale, Vic. 2166, AUSTRALIA 
Tel: 013 65661! 7$ 
Fax: +413 6566 1667 
www. Photometrlc$olutlont. com 
50% Mo 10% 
0.05 0.05 0.05 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.04 
0.04 0.04 0.03 
0.04 0.04 0.03 
0.04 0.03 0.03 
OK 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.03 
0.03 
0.03 
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Report Number: 
Cats" Number: 
Description: Jag 
Correction Factor Used: Whit. 
Illumination Levels 
y (m) 
3.0 0.00 0.01 0.01 0.01 
0.01 0.01 0.01 0.02 
2.4 0.01 0.01 0.02 0.02 
0.01 0.02 0.02 0.04 
1.6 0.02 0.02 0.04 0.06 
0.02 0.03 0.05 0.09 
1.2 0.02 0.04 0.07 0.14 
0.03 0.05 0.10 0.19 
0.6 0.03 0.06 0.12 0.27 
0.04 0.06 0.14 0.33 
0.0 0.04 0.06 0.15 0.35 
0.04 0.06 0.13 0.32 
-0.6 0.03 0.06 0.12 0.25 
0.03 0.05 0.09 
"1.2 0.02 0.04 0.07 
0.02 0.03 0.0S 
4.8 0.02 0.02 0.04 
0.01 0.02 0.03 
-2A 0.01 0.01 0.02 
0.01 0.01 0.01 
-1.0 0.01 0.01 0.01 
-3.0 4A 
0.01 0.02 0.02 0.03 
0.02 0.03 0.04 0.05 
0.04 0.05 0.07 0.10 
0.06 0.09 0.14 0.20 
0.10 0.17 0.31 0.50 
0.17 0.35 0.62 1.06 0.30 0.60 1.23 2.02 
OA6 1.04 2.03 3.44 
0.60 1.49 2.99 5.36 
0.80 1.91 3.74 6.73 
0.65 2.02 4.01 7.15 
0.75 1.72 3.64 6.34 
0.54 1.29 171 4.65 0.18 0.43 0.92 
0.14 0.29 0.51 
0.09 0.17 0.32 
0.06 0.12 0.17 
0.05 0.08 0.14 
0.03 0.06 0.09 
0.02 0.04 0.06 
0.02 0.04 0.04 
1.72 3.15 
0.96 1.63 
0.03 0.03 0.03 0.03 
0.05 0.06 0.06 0.06 
0.13 0.15 0.15 0.15 
0.29 0.36 0.39 0.35 
0.66 0.94 0.99 0.80 
1A9 1.82 1.94 1.75 
2.97 3.72 4.09 3.65 
5.50 7.14 7.66 6.91 
8.14 9.94 10.2 9.90 
9.92 10.9 11.6 11.6 
10.4 12.3 13.0 12.6 
9.59 12.1 13.3 12.1 
7.26 9.25 10.1 9.07 
Dat.. 1&/12/2009 
0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 
0.06 0.05 0.04 0.03 0.02 0.02 0.01 0.01 
0.13 0.10 0.07 0.05 0.04 0.02 0.02 0.01 
0.26 0.20 0.15 0.10 0.06 0.04 0.02 0.02 
0.61 OAS 0.29 0.17 0.11 0.06 0.04 0.02 
1.36 0.94 0.53 0.32 0.17 0.10 0.06 0.03 
2.76 1.61 1.05 0.51 0.27 0.14 0.07 0.04 
5.15 3.13 1.75 0.65 0.40 0.19 0.10 0.05 
7.77 4.66 2.56 1.17 0.50 0.25 0.13 0.06 
9.60 6.10 3.25 1.44 0.63 0.29 0.14 0.07 
10.2 6.52 3.49 1.54 0.61 0.30 0.15 0.07 
9.15 5.92 3.12 1.38 0.61 0.29 0.14 0.07 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 0.02 
0.03 
0.04 
0.04 
0.04 
0.04 
6.97 4.52 2.36 1.07 OAS 0.24 0.13 0.06 0.04 
4.72 6.05 6.57 6.03 4.57 
2.52 3.19 3.44 3.05 2.32 
OA? 0.90 1.10 
0.26 0.35 OAS 
0.14 0.1$ 0.24 
0.05 0.10 0.12 
0.06 0.05 0.06 
0.03 0.03 0.04 
1.38 1.51 1.34 1.07 
0.42 0.67 0.61 0A8 
0.29 0.31 0.29 0.23 
0.14 0.15 0.14 0.13 
0.07 0.07 0.07 0.06 
0.04 0.04 0.04 0.04 
-1.8 -1.2 -0.4 0.0 0.4 
2.72 1A8 0.76 0.37 0.18 0.10 0.06 0.03 
I AI 0.87 0.45 0.26 0.14 0.08 0.05 0.02 
0.75 OA5 0.29 0.16 0.10 0.06 0.03 0.02 
0.38 0.26 0.17 0.11 0.06 0.04 0.02 0.02 
0.19 0.14 0.10 0.06 0.04 0.03 0.02 0.01 
0.10 0.08 0.06 0.04 0.03 0.02 0.01 0.01 
0.06 0.05 0.03 0.02 0.02 0.01 0.01 0.01 
0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 
1.2 1.8 2.4 3.0 
x(m) 
Horizontal Illuminance 
All Illuminance values In lux 11000 Im 
Table Average: 1.25 Table Maximum: 13.3 Table Minimum: 0.00 
Mounting Height " 2.7 m 
PhotarwtricCsmn v4.0J Copyºlyht (C) Photomstrle folutlons MtsmiUonsll00Li008 
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Report Number: 
Catalog Number: 
Description: je-2 
Correction Factor Used. White 
IsoCandela Diagram 
Legend 
(cd 11000 Im) 
Max=102.5 
  92.3 (90.0°6) 
  51.3 (50.0°6) 
  10.3 (10.0°6) 
Date: 18/12/2009 
All luminous intensity values in cd 11000 Im 
L- PhotometrkCvntn v4.03 Copyright (C) Photometrk Solutions Intarnatlonal 2004.2008 
Photometric Solutions International Pry Ltd 
1j Factory Two, 21.29 Railway Ave 
Huntingdale, Vic, 3198, AUSTRALIA 
-, 
, 
Tel: +613 9568 1879 
Fax: +613 9568 4667 
www. PhotomotricSolutions. com 
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Report Number: 
Catalog Number: 
Description: Jag 
Correction Factor Used. White 
IsoLux 3D 
Illunun, inr " 
139 
11.1 
B 33 
516 
2 79 
-30 
3.0 30 
PhotometncCentre v1.07 Copyright (C) Photometnc Solutions lnternenond 2004"2008 
ý-= -ý 
ý 11 
Mroton»nk Solutions kwernatlona Ply Ltd 
Factory Two. 21-21 Rahway At. 
Hunf ngdaN, Vic. 31". AUSTRALIA 
Tal: +413 1511 /171 
Fax: N13 Ms 4647 
www. Matonw&k solutlons. corn 
Date: 1811212009 
-30 
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Report Number: 
Catalog Number: 
Description: Je-2 
Correction Factor Used: White 
IsoLux Diagram 
Legend 
Max = 13.9 
Height = 2.70 m 
U 11.1 (80.0%) 
U8.3 (60.0%) 
5.6 
J40.0%) 
U2.8 (20.0%) 
0 1.4 
(10.07. ) 
%\! 
ýi 
_ý/U\ ý 
'' 
o. c 
c1so" 
Date: 1 811 212 00 9 
.. 
r'^ 
" 
,i 
I 
- ýý 
ý 
I 
1ý 
Iýl 
i 
. 
ý_ 
t 
\ 
yý 
ý 
8 
I 
i 
4 ý" " 
n 
-3.0 -2.4 -1.8 -1.2 -0.6 0.0 0.6 1.2 1.8 2.4 3.0 
C2700 x (m) 
Photometric Solutlont International Pry Ltd 
Factory Two, 2l-29 Railway Ave 
Huntingdale, Vic, 7166, AUSTRALIA 
Tel: 481 7 9548 1871 
Fax: +113 9568 4667 
www. Phofomowcsokitkms. com 
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Report Number: 
Catalog Number: 
Description: /e-2 
Correction Factor Used White 
Date. 1& 122009 
Luminous Intensity Distribution (Lowest 10%) 
1a. o' ý 
290 2 20-3.30-4.40 
1 
1 
-11.0' 
-w. 0' 
0.0'- 1{. 0' 
C 18.0' Cý80.0' 
180.0' C  226.0' 
C"315.0' C"3600' 
Photometric Centre v1.03 Copynpht (C) Photometrlc Solutons lnternt. ttonN 2004"2008 
ýý! , i 
i' ' . ''; f 
1 
136. " /ý 100.0' 1K. 0"_ 100.0' 130.0" 
ºAotonwbk SoM~s MnarnaUOnd Pry Ltd 
factory Two. 71.21 RaMway Ave 
MunlNpdaN, Vk, 71", AUSTRAL/A 
TN: 
-411 "N 1171 
Fax: 
. 
61 1 1311 4117 
www. Motorrank SoMrtlotn. t o1n 
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Report Number: 
Catalog Number: 
Description: Je-2 
Correction Factor Used: White 
Average Luminance Table 
Datc 18/1212009 
All luminance values expressed In cd I squ. m 11000 Im 
Azimuth: 0 45 90 135 180 235 270 315 
Elevation 
0 118000 118000 118000 118000 118000 118000 118000 118000 
45 2600 2500 2180 2270 2290 4660 2580 2580 
55 715 715 607 672 759 824 802 802 
65 147 265 147 265 235 235 88.3 88.3 
75 48.0 192 0.0 192 0.0 144 1010 96.1 
85 0.0 0.0 0.0 285 0.0 571 12000 285 
-PhotometrkCentre v4.03 Copyright (C) Photometric Solutions Intematlonal2004.2008 
% 1; 1i 
--- -- ýI I' 
1 
Photometric Solution, International Pry Lid 
Factory Two, 21.25 Railway Ave 
Huntingdala, We. 2166, AUSTRALIA 
Tot +613 6568 1671 
Fax: Of 8 6568 4667 
www. Photometrk S olutiona. com 
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Report Number: 
Catalog Number: 
Description: /e-2 
Correction Factor Used: White 
Luminance Limiting Curve 
h 
Glare Quality Service values of illuminance (I%) 
Rating Class 
1.15 A 2000 1000 500 '300 e t q 
- 
h 
1.5 I 2000 1000 500 <300 - 
1.05 C 2000 1000 500 <300 
2.2 D 2000 
` 
1000 500 <300 
2.55 E a 0 c d 2000 
_ 1000 500 <300 
85 
Y 
75 
65' 
5S' 
"L 
45- 
Soo 1000 2000 
Date 18 12 2009 
ýl 
8 
6 
Tan 7 
4 
3 
2 
5000 10000 20000 30000 40000 
Luminance (cd I squ. m) 
- 
0' C-Plane 
PhotomebkCantn v4.09 CopyrlpM (C) Phototmbic SoMNons Inbrwo0mw12004. I008 
Plwtometrk SoArdotts buotniöonal Pry Ltd 
factory Two. 21"21 RaMway Ave 
NuntirpdaN, Vk, 2166, AUSTRALIA 
-ý Tel: 
-ii 7 #548 1879 
Fax K1 3 /568/647 
1 www. PAotonretncSolutlons. com 
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90° C-Plane 
Pape 21 of 23 
Report Number: 
Catalog Number: 
Deurlption: je-2 
Correction Factor Used., White 
Luminous Flux Table 
Date: 18/1212009 
Elevation Cone Lumens Cumulative Lamp % Luminain % 
0' 0.00' 
- 
2.50' 0.6 0.6 0.1 1.1 
5' 2.50' 
- 
7.50" 4.5 5.1 0.5 10.1 
10' 7.50' 
-12.50' 8.3 13.3 1.3 26.6 
15' 12.50' 
-17.50' 10A 23.7 2.4 47.3 
20' 17.50' 
- 
22.50' 9.9 33.7 3.4 67.1 
25' 22.50' 
- 
27.50' 7.3 41.0 4.1 81.7 
30' 27.50' " 32.50' 4A 45.4 4.5 90.5 
35' 32.50' " 37.50' 2.3 47.7 4.8 95.1 
40' 37.50' " 42.50" 1.1 48.8 4.9 97.3 
45' 42.50' 
. 
47.5(r 0.5 49.4 4.9 98.4 
50' 47.50' 
- 
52.50' 0.3 49.7 5.0 99.0 
55' 52.50' 
. 
57.5(r 0.2 49.8 5.0 99.3 
60' 57.50' " 62.50' 0.1 49.9 5.0 99.5 
65' 62.50' " 67.50' 0.0 50.0 5.0 99.6 
70' 67.50' 
" 
72.50' 0.0 50.0 5.0 99.7 
75' 72.50' 
- 
77.50' 0.0 50.0 5.0 99.7 
80.77.50' " 82.50.0.1 50.1 5.0 99.8 
85 ' 82.50' 
- 
87.50' 0.1 50.2 5.0 100.0 
90' 87.50' " 90.00.0.0 50.2 5.0 100.0 
Ught Output Ratio " 5.0% (DLOR " 5.0%, ULOR " 0.0%) 
I- PhotometrkCentn v4.03 Copyright (C) Photometrk Solutions Intemadona12001-200d 
Photomelrk Solutions Intemadonal Pry Ltd 
Factory Two. 21.25 Railway Aw 
Mundngdaie. Vk, 5111, AUSTRALIA 
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Report Number: 
Catalog Number: 
Description: /e-2 
Correction Factor Used: White 
Date: 1R/12/2009 
Luminous Intensity Table (cd 11000 Im) (Continued) 
y %C 360.0 
0.0 95.1 
5.0 95.3 
10.0 89.6 
15.0 70.5 
20.0 48.9 
25.0 29.2 
30.0 13.9 
35.0 6.5 
40.0 3.1 
45.0 1.5 
50.0 0.7 
55.0 0.3 
60.0 0.2 
65.0 0.1 
70.0 0.0 
75.0 0.0 
80.0 0.0 
85.0 0.0 
90.0 
. 
0.1 
&. 
- 
PhotomatrkCantn V4.03 Copyright (C) Photomstrk SoANons Mrtamatlonal200{-t00! 
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Report Number: 
Catalog Number: 
Description: je-2 
Correction Factor Used: White 
Luminous Intensity Distribution 
Lo° ý 16.0° 
75.0"+ 
16.0" / 30 
C=0.0° C=45.0° C=80.0° 
C= 135.0° C= 160.0° C= 225.0° 
C= 270.0° C= 315.0° C= 360.0° 
- 
PhotometrlcCentre v4.03 Copyright (C) Photometric Solutions International 2001.2008 
`II Photometric Solutions International Pty Ltd 
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e-, 
1, 
% Tel: Ki 3 0568 1870 
-ý 1` Fax: +613 0568 4667 
www. PhotometricSolutions. com 
Date: 18/12/2009 
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Report Number: 
Catalog Number: 
Description: je-2 
Correction Factor Used. White 
Photometric Solid 
II 
I 
Viewing Angle: C" 315° 
i 
, 11' 
i'ýi 
I 
t 
i, ýý 
1! 
PhotometncCenlrº v1.03 CopyrlpAt (C) Phoro»unk SoMitlons InnnwUOnd 20042004 - 
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ý'i % t. 
Phototnsok 3oMrolons bMStnatlaul Pty Ltd 
Factory Two. 21"2f Ray Ave 
MunfMpdaN, Vk, 21N. AU3TRALI44 
Td: N1]M3N1n9 
Paa +i1 7 Mfi2 2fi7 
www. I hotoawok soMrtlons. c ont 
Date 18 12 2009 
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Report Number: 
Catalog Number: 
Description: /e-2 
Correction Factor Used: White 
Roadway Utilisation Factor Graph 
Utilisation 
Factor 
10.0 
9.0 
8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 
0.0 
0.0 
0.5 1.0 1.5 
Street Side 
i 
2.0 2.5 
PhotometrkCentre v4.03 Copyright (C) Photometric Solutions International 2001.2001 
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i 
3.0 3.5 4.0 4.5 5.0 
Ratio (Luminaire Spacing / Mounting Height) 
House Side 
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Report Number: 
Catalog Number: 
Description: Jag 
Correction Factor Used: While 
Luminaire Details 
Luminaire Test Details: 
Photometry Type: Type GGamma 
Number of Lamps: I 
Lumens per Lamp: 1000 
Luminous Dimensions: 
Base Area: 0.032 m Diameter 
Side Area: N/A 
End Area: N/A 
Luminous Shape: Circular 
a- PhotomatricCantra V4.03 Copyright (C) Photomaork Sokitions Intamatlonal10"t00Ji 
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Photom. nk Solutions htemadonalºy Ltd 
Factory Two. 21.21 Railway Ave 
Hundngdal., Vk, 2144, AUSTRALIA 
T. F. +41 IS 15491979 
Fax: +613 154//647 
www. Phorom@trk3ok&*nsxom 
Data: 18/12/2009 
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Report Number: 
Catalog Number: 
Description: Jag 
Correction Factor Used: White 
TM5 Utilisation Factor Table 
Date: 18/12/2009 
SHR Nominal 
  
0.50: 1 SHR Maximum 
  
0.71: 1 
Reflectance Room Index (K) 
Ceiling Wall Floor 0.75 1.00 1.25 1.50 2.00 2.50 3.00 4.00 5.00 
0.70 0.50 0.20 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 
0.70 0.30 0.20 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.70 0.10 0.20 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 
0.50 0.50 0.20 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.50 0.30 0.20 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.50 0.10 0.20 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 
0.30 0.50 0.20 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.30 0.30 0.20 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 
0.30 0.10 0.20 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 
0.00 0.00 0.00 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 
Floor: 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 
Distribution 
Wall: 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
Factors 
Ceiling: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BZ Numbers: II 111 1 1 1 1 
Uniformity 
(min/max) 
1.0 
-1 
0.8 
--ý 
0.6 
---ý 
0.4 
--ý 
0.2 " 
0.0 
0.50 0.75 --T-- i. uo 1.25 1.50 1.75 
Spacing to Height Ratio 
Photometric Centre v4.03 Copyright (C) Photometric Solutions Intemahonal 2004.2008 
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1 
Photometric SoMmone International ft Ltd 
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Muntingdale. Vic, )iii, AUSTRALIA 
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Fax: +613 9548 467 
www. Photom*tricSokidms. com 
2.00 2.25 2.50 
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Report Number: 
Catalog Number: 
Description: /e-2 
Correction Factor Used White 
TM5* Utilisation Factor Table 
Date: 18/12/2009 
Based on TMS. except using Mln I Ave - 0.8 as Spacing Criteria 
SHR Nominal 
- 
0.75: 1 SHR Maximum 
- 
0.75: 1 
Raflactancs Room Ind. x (K) 
Coiling Wall Flow 0.75 1.00 1.25 1.50 2.00 2.50 3.00 4.00 5.00 
0.70 O. SO 0.20 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 
0.70 0.30 0.20 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 
0.70 0.10 0.20 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.50 0.50 0.20 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.50 0.30 0.20 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.50 0.10 0.20 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.30 0.50 0.20 0.01 0.05 0.05 0.05 0.05 0.05 O. OS O. OS 0.05 
0.30 0.30 0.20 0.84 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.30 0.10 0.20 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.00 0.00 0.00 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 
Floor: 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 
Distribution 
Wall: 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Factors 
Ceiling: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
RZ Numbers: 1 1 1 I I 1 1 1 1 
unMamNy 
(miNave) 
1.0 
-1 
o. 8 
0.6 
-ý 
0.4 
--ý 
0.2 
- 
0.50 0 75 t. 00 1 25 1.30 1.75 2.00 2.25 2.50 
Spacing to IMigM Raft 
00 
Photom. trkC. nM v1.03 copyrlpNr (C) Photom. orlc So/utlons Itlf. TSlfOllal 2004-2008 
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Report Number: 
Catalog Number: 
Description: /e-2 
Correction Factor Used: White 
Zonal Flux Diagram 
Cumulative 
Proportion 
of Lamp 
Output (%. ) 
100.0 
90.0 
80.0 
70.0 
60.0 
50.0 
40. 
30 
20. 
10. 
o. 
Date: 18/12/2009 
i 
--- 
ý 
D 
n 
o. o 90 18.0 270 36.0 450 54.0 63.0 72.0 e1.0 so. o 
Elevation Angle (°) 
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7.3 Semi-convex Lens 
Report Number: 
Cshloq Number: 
Oescrlpfloe: JO-3 
Correction Factor Used W wte 
CIBSE LG3 VDT Category 
Date: 18/12/2009 
Category 1 Category 2 Category 3 
Starting Gamma Angle (') 550 65 0 75 0 
Final Gamma Angle (') 900 900 900 
Avg Luminance Found (cd/m') 368 7 4296 576 7 
Max Permissible (cd/m1) 2000 2000 2000 
Max Luminance Found (cd/m') 31670 31670 31670 
Max Permissible (cd/m') 5000 5000 5000 
Result 
ý", i! 
ý 
1148,14,61t 
r 
. 
ý. ýý",., ý 
ti 
ý. 4 
SS' 
ýý' 
PAoronwbkCNl/o V4.03 Capyrqlw (C) Ilwlarwbk fMuOem Nwwrwtlawl 2004-2000 
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Distribution Photometry Report 
Report Number: 
Catalog Number: 
Description: je-3 
Correction Factor Used. White 
Filename: je-3. IES 
Results For: Test Details 
Luminous Intensity Distribution 
LID (Lowest 10%) 
Luminous Intensity Data 
Luminous Flux Data 
Luminaire Luminance 
lsoCandela Diagram 
IsoLux Diagram 
IsoLux 3D 
Illuminance Grid 
IESNA CoU Table 
TM5 UF Table 
TM5 UF Table (Variation) 
Roadway OF Graph 
Zonal Flux Diagram 
Luminance Limiting Curve 
CIBSE LG3 Rating 
Photometric Solid 
- 
PhotoretrkCentre v4.02 Copyright (C) Photometrk Solutions International 2004-2008 , 
Photometric Sokidons International Ply Ltd 
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Nuntingdale, Vic. 3144, AUSTRALIA 
ý", m; Tot +613 0548 1879 II1f Faxt +413 5548 4667 ýý% 
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Report Number: 
Catalog Number: 
Desttlption: JO-3 
Correction Factor Used., White 
IESNA Coefficients of Utilisation Table 
Date: idJ12l2009 
Ceiling 
Cavity 80% 70% 50'/. 30% 10% 0% 
Reflect.: 
Wali S0% 30% 10% S0% 30% 10% S0% 30% 10% S0% 30% 10% S0% 30% 10% 0% RMM.: 
Room 
Cavity 
Ratio 
0 
1 
t 
a 
4 
5 
6 
7 
I 
9 
10 
Coefficients of Utllisatlon for 20% 
Effective Floor Cavity Reflectance 
0.06 0.06 0.06 
0.04 0.04 0.03 
0.04 0.04 0.03 
0.04 0.03 0.03 
0.04 0.03 0.03 
0.04 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.05 0.05 0.05 
0.04 0.04 0.03 
0.04 0.03 0.03 
0.04 0.03 0.03 
0.04 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.05 0.05 0.05 
0.04 0.03 0.03 
0.04 0.03 0.03 
0.04 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
o. os 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.05 0.05 0.05 
0.04 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.05 0.05 0.05 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
0.03 0.03 0.03 
t. 
-PhotonMbkCantn r1.03 Copyright (C) Photomark Solutions Mranwtlonal 2001-2008 - 
% si 
ý-- -ý 
1 
Photometric Sowdons hamadonal Fry Ltd 
Factory Two, 21.21 Ralhway Ave 
Hundngdal., We. 2166, AUSTRALIA 
Tot 0613 6566 1671 
Fax +61 2 6568 4667 
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Report Number: 
Catalog Number: 
Description: Jai 
Correction Factor Used., NNte 
Illumination Levels 
y (m) 3.0 
2.4 
1.6 
1.2 
0.6 
0.0 
-0.6 
-1.2 
-1.6 
"2A 
a. o 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.01 
0.00 0.00 0.00 0.00 0.01 0.01 
0.00 0.00 0.00 0.01 0.01 0.01 
0.00 0.00 0.00 0.01 0.01 0.03 
0.00 0.00 0.01 0.01 0.02 0.06 
0.00 0.00 0.01 0.01 0.03 0.09 
0.00 0.00 0.01 0.02 0.07 0.21 
0.00 0.00 0.01 0.02 0.08 0.26 
Date: 18/12/2009 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.02 0.03 0.04 0.04 0.04 
0.03 0.06 0.09 0.16 0.22 0.16 
0.07 0.19 0.50 0.96 1A0 0.99 
0.18 0.57 2.84 5.18 6.57 4.88 
0.41 2.73 8.06 14.3 17.3 14.1 
0.76 4.87 13.8 22.3 24.4 22.7 
1.11 5.92 16.2 23.0 26.6 25.6 
0.00 0.00 0.01 0.02 0.07 0.16 0.69 4.10 
0.00 0.00 0.01 0.02 0.03 0.09 0.36 1.97 
0.00 0.00 0.01 0.01 0.05 0.11 0.16 0.45 
0.00 0.00 0.01 0.01 0.04 0.05 0.06 0.15 
0.00 0.00 0.00 0.01 0.02 0.04 0.02 0.05 
0.00 0.00 0.00 0.01 0.03 0.02 0.02 0.02 
0.00 0.00 0.00 0.01 0.02 0.05 0.02 0.01 
0.00 0.00 0.00 0.00 0.02 0.04 0.01 0.01 
0.00 0.00 0.00 0.00 0.02 0.03 0.02 0.01 
0.00 0.00 0.00 0.00 0.02 0.03 0.01 0.00 
12.6 20.9 24.7 20.5 
6.55 11.9 14.3 11.7 
1.84 3.55 4.85 3.56 
0.35 0.63 0.92 0.68 
0.07 0.11 0.15 0.11 
0.02 0.03 0.03 0.03 
0.01 0.01 0.01 
0.01 0.01 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
. 
1.0 
-2.4 -1.6 "1.2 . 0.6 0.0 0.6 1.2 1.8 2.4 
Horizontal Illuminance 
All illuminance values In lux 110001m 
Table Average: 1.14 Table Maximum: 26.6 Table Minimum: 0.00 
Mounting Height " 2.7 m 
6- PhotometrkCentn v4.03 Copyright (C) Photometric Solutions International 20042008 
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i 
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1 
Photom. trk Solution: Int. madonal Pry Ltd 
factory Two. 21.21 Ralfway Ave 
Hundnpdal., Vk, 31i1, AUSTRALIA 
Tot N1S15481871 
Fax: Of 315684667 
www. Photom. trkSolutlon.. com 
0.00 0.00 0.00 
0.01 0.01 0.01 
0.02 0.02 0.01 
0.09 0.05 0.02 
0.57 0.22 0.07 
2.59 0.74 0.22 
7.58 2.40 0.55 
13.1 4.19 0.89 
14.9 5.28 1.15 
11.8 3.84 0.81 
6.20 1.99 0.46 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.01 0.01 
0.01 0.01 
0.02 0.01 
0.05 0.01 
0.08 0.02 
0.15 0.03 
0.19 0.04 
0.13 0.03 
0.07 0.02 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.01 0.00 0.00 
0.01 0.00 0.00 
0.01 0.01 0.00 
0.01 0.00 0.00 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.00 
1.91 0.56 0.17 0.04 0.01 0.01 0.00 
0.41 0.16 0.05 0.02 0.01 0.01 0.00 
0.06 0.04 0.02 0.01 0.01 0.01 0.00 
0.02 0.01 0.01 0.01 0.00 0.00 0.00 
0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3.0 
x (m) 
Page 15 o/23 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
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Report Number: 
Catalog Number: 
Description: Jai 
Correction Factor Used White 
IsoCandela Diagram 
Legend 
(cd / 1000 Im) 
Max = 204.7 
  184.2 (90.0%) 
  102.4 (50.0%) 
  20.5 (10.0%) 
Date. 18.122009 
All IumMous Intensity values In cd 1 1000 1m 
PhoromeMcCMae v1.03 CopyrgM (C) PhororrNnic $olutlont lmanmtlona120W-2001 
fýý,! ýi 
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, /1f 
Photonwbk 3oltttions Mnn of ona Pty Ltd 
Factory Two. 21.29 Railway Ave 
Muntkpdal.. Vic. 31". AUSTRALIA 
Td: +41 3 45 4 1870 
Fax: +91 3 9599 1997 
www. Phohmmtnc Solutbns. com 
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Report Number: 
Catalog Number: 
Description: /e-3 
Correction Factor Used: White 
IsoLux 3D 
Illuminance 
z7.7 
22.2 
16.6 
11.1 
S. 55 
-3.0 
ylml 
1.5 
3.0 3.0 
Photometric Centre v4.03 Copyright (C) Photometric Solutions International 2004.2008 
Photometrk Solutions International Pry Ltd 
I t0 Factory Two. 21.26 Railway Ave 
Huntingdale, Vk, 3166, AUSTRALIA 
Td: "61 3 6568 1876 
OP II%f Fax: +613 6568 4667 11% 
www. PhotometrlcSolutions. com 
Date: 1812/2009 
1.5 
C"vO 
-3.0 
ý1ý»1 
-1.5 
Pape 14 of 23 
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Report Number: 
Catalog Number: 
Description: /e-3 
Correction Factor Used White 
IsoLux Diagram 
Legend 
Max = 27.7 
Height = 2.70 m 
U 22.2 (80.0%) 
U 16.6 (60.0%) 
11.1 
(40.0%) 
U5.5 (20.0%) 
(10.0%) U2.8 
y(m) 
3.0 
2.4 
1. e 
1.2 
0. 
o. ( 
c16o" 
-0. 
-1. 
-1. 
. 
i. 
-3. 
C90° 
Date 18/12/2009 
ý 
i I 
i 
.. 
.. 
Iý 
ýý 
Iý 
I 
., 
i 
ý 
ýý 
ýý 
' 
ýý ý 
ýý ý 
I 
I 
-- - 
ý 
ti 
, 
, ý 
; 
- 
t 
ý ýý_ 
. 
- -. 
e 
-- 
4 
e 
.. 
ý 
., 
i 
Co. 
-3.0 -2.4 -1.8 -1.2 -0.6 0.0 0.6 1.2 1.8 2.4 3.0 
cs7o" x (m) 
I 
All IlNminanca valuas In Ix 1 1000 Im 
PhotometntCenne v1.03 Copynpht (C) Photonwdk SoMttlons Inatn. tbnsl2004"200" 
s'i 
/'i ý ýýf /1f 
PhotonwMe Sc j sons Intatnabonal Ply Ltd 
factory two. 21.29 RaUway Ave 
Muntfpdals, Vk. 31". AUSTRALIA 
tal: 
-41 35 11671 
Pax: +i1 7 55U Nil 
www. Photon werlc$o o ons. conl 
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Report Number: 
Catalog Number: 
Description: /e-3 
Correction Factor Used: White 
Date: 18/12/2009 
Luminous Intensity Distribution (Lowest 10%) 
15.4 
I 
13.2 
I os. o' 
ý' 
400.0'2-22.0-19.8-17.0-16.4-13.2-11.0--6.90-4.60-4.40 
- 
2.2 
-75.0" 
50.0' 
\to5. o° 
2.20-4.40-6.80-8.80-11.0-11.2-15.4-17.8-11.8-22.0-280.0°2 
k. 
7S.. Oý 
C. 0.0' C"16.0' C"60.0' 
C. 136.0" C. 180.0' C" 226.0' 
" 
C" 270.0° Cs 316.0' C. 360.0° 
PhofomedicGntre v1.03 Copyright (C) Phoromah-Ic Solobons Inama6aia12004-2008 
Photomtrk Sohtnons International ft Ltd 
Factory Two, 21"26 Railway Ava 
Muntlnpda/a, Vk, 3166, AUSTRAL/A 
Tot N13654S 1676 
Ir% *4 Fax: +61 3 6566 4667 ýý% 
www. PhotometrlcSolutlont. com 
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Pape 4 or 23 
Report Number: 
Catalog Number: 
Description: J-3 
Correctlon Factor Used: White 
Average Luminance Table 
Date 19112/2009 
All luminance values expressed In cd I squ. m 11000 Im 
Azimuth: 0 45 90 135 180 235 270 315 
Elevation 
0 241000 241000 241000 241000 241000 241000 241000 241000 
45 158 176 141 158 158 2370 ITS 123 
55 21.7 65.0 21.7 152 108 130 86.7 0.0 
65 58.8 58.8 58.8 118 0.0 29.4 29.4 88.3 
75 48.0 48.0 240 144 0.0 240 769 0.0 
85 
-428 0.0 0.0 571 28S 0.0 11800 0.0 
L-PhotonahicCentn v1.03 Copyright (C) Phototmtrk Solutlone International 2004-2005 
` 
Photoºmtrk SoNnlont hnarnatlonal Pry Lid 
f; 
,iý ýý 
Factory Two. 21-2e Raaway Ave 
MuntNpdah, Vk, 21is, AUSTRALIA 
ý", "; ý Tek +613 0568 1879 ýýýýf Fax +912 ! 548 I667 /ýf 
www. P/atonmbksolutlonseom 
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Report Number: 
Catalog Number: 
Description: je-3 
Correction Factor Used: White 
Luminance Limiting Curve 
Date; 18/12/2009 
Glare 
Rating 
Quality 
Class 
Service Values of Illuminance (lx) 
1.15 A 2000 1000 500 <300 f g IN 
1.5 B 2000 1000 Soo <300 
1.85 C 2000 1000 500 <300 
2.2 D 2000 1000 500 <300 
2.55 E a b c d 2000 1000 500 <300 
85' 
Y 
75° 
65 
5 
4 
// 
ý 
h 
a b c d "\ý 
S° 
B00 1000 2000 soon 10000 
Luminance (cd I squ. m) 
T C-Plane 
PhotometricCentre v4.03 Copyright (C) Photometric Soluriont International 2004.2008 
1, 
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Photometric Solutions International Ply Ltd 
Factory Two, 21-29 Raihvay Ave 
Huntingdale, Vic, 3166, AUSTRALIA 
Tel: +61 3 9568 1879 
Fax: +613 9568 4667 
www. Photometric$oiutions. com 
90° C-Plane 
20000 
an 7 
I 30000 40000 
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Report Number. 
Catalog Number: 
Description: Je3 
Correction Factor Used: White 
Luminous Flux Table 
Datr 18/12/2009 
Elevation Cons Lumens Cumulative Lamp % Luminalre % 
o" 0.00' 
-2.50' 1.2 1.2 0.1 2.5 
S" 2.50" 
- 
7.50" 9.0 10.2 1.0 22A 
10" 7.50" 
-12.50' 14.9 25.1 2.5 55.3 
15' 12.50" 
" 
17.50" 12.6 37.7 3.9 83.0 
20" 17. W 
" 
22.50" 5.5 43.3 4.3 95.1 
25" 22.50' 
" 
27.50" 1A 44.7 4.5 98.2 
30" 27.50" 
" 
32.50" 0.3 45.0 4.5 98.9 
35" 32.50" 
" 
37.50" 0.1 45.1 4.5 99.1 
40" 37.50'"42.50" 0.1 45.1 4.5 99.2 
45" 42. W 
" 
41.5V 0.0 45.2 4.5 99.3 
5V 47.50" 
" 
52.5V 0.0 45.2 4.5 99A 
55" 52.5V 
" 
57.5V 0.0 45.2 4. S 99.5 
60' 57.5V 
" 
62.50" 0.0 45.3 4.5 99.6 
65" 62.50" 
" 
67.50" 0.0 45.3 4.5 99.6 
70" 67.50" 
" 
72.5V 0.0 4S. 3 4.5 99.7 
75 ' 72.50" 
" 
77.50" 0.0 45A 4.5 99.7 
80' 77.50' 
" 
82.50" 0.0 45A 4.5 99.9 
8S" 82.5V 
" 
87.50" 0.1 45.5 4.5 100.0 
9V 87.50' 
- 
90.00" 0.0 45.5 4.5 100.0 
Light Output Ratio " 4.5% (OLOR " 4,5%, ULOR   0.0%) 
1-Photomabkcanrn v1.03 copyApht (C) Phoromabk SoMrdom Mrtatnadona120W 2ow 
%1/ Photometrk SoMroont MK«nadonal Pry Lid 
%% !0 wFactory Two. 21.29 Rafiway Aw %: 0. d, Muntlnpdab, Vk, im, AUSTRAUM 
-ýý Tat +H 2 95i91p9 
/0 ij .% %% Far N12 9548 4667 /, f 
www. Photon»trksolutlona. com 
Ppo 10 of 23 
226 
Report Number: 
Catalog Number: 
Description: J«3 
Correction Factor Used., White 
Date: 18/12/2009 
Luminous Intensity Table (cd 11000 Im) (Continued) 
T 1C 360.0 
0.0 194 
5.0 204 
10.0 150 
15.0 $4.3 
20.0 27.3 
25.0 6.7 
30.0 1.0 
35.0 0.3 
40.0 0.1 
45.0 0.1 
50.0 0.0 
55.0 0.0 
60.0 0.0 
65.0 0.0 
70.0 0.0 
75.0 0.0 
80.0 0.0 
85.0 0.0 
90.0 0.0 
PhotometrkCentt v4.03 Copyright (C) Photometrie Solutions International 2004-2008 
I, 
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Photomotrk Soh, Nons Intematlonal Pty Ltd 
Factory Two. 21-26 Railway Ava 
Huntingdale, Vie, 3166, AUSTRALIA 
Tat +613 6548 1876 
Pax: +613 6566 4667 
www. Photonwtrk$okdions. com 
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Report Number: 
Catalog Number: 
Description: je-3 
Correction Factor Used: White 
Luminous Intensity Distribution 
Cz0.0' 
C=136.0' 
C=270.0' 
16- Photometric Centre v4.03 Copyright (C) Photometric Solutions International 2004-2008 
Photometrk Solutions International Pry Ltd 
1r Factory Two. 21.29 Railway Ave 
Huntlngdale, Vk, 7166, AUSTRALIA 
-, 
-ý 7.1: +613 9568 1879 
Fax: 
-613 9568 4667 
www. PhotometricSolurions. com 
Date: 18112/2009 
'i-5.01 
30 
C=90.0" 
C= zzs. 0" 
C= 360.0° 
Pape 3 of 23 
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Report Number: 
Catalog Number: 
Description: /e-3 
Correction Factor Used White 
Photometric Solid 
14 
tý 
, 
IIIIIIý ý ý ftI ýI I ýý ý 
1 
Viewing Angle: C- 315° 
ý/ 
PhorometrlcCentre v4.03 Copyrlp t (C) Photometric Solutions International 2004-2008 
fý/ 
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\ýf 
ý'` 
Photom. trk Sosmom Intarnattonal Pry Ltd 
factory Two. 71.29 Rahway Ava 
HuntNpdaN. Vic. 2166. AUSTRALIA 
T. 1: N/7Pus 1175 
Fax: +413 MS M7 
www. Photonwtricsokitbone. com 
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Date 18 12 2009 
Pape 23 of 23 
Report Number: 
Catalog Number: 
Description: Je-3 
Correction Factor Used: White 
Roadway Utilisation Factor Graph 
Utilisation 
Factor 
10.0 
9.0 
8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
1. o 
0.0 
0.0 
0.5 to 1.5 
Street Side 
2.0 2.5 
PhotometncCentre v4.03 Copyright (C) Photometric Solutions International 20042005 
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Photometric Sokmons International Pry Ltd 
Factory Two, 21.29 Raaway Ave 
Muntingdale, Vic. 7164, AUSTRALIA 
Tel: +613 0568 1870 
Fax: 
-613 0568 1647 
www. Photometrk sokrtlons. can 
Date: 18/12/2009 
w 
3.0 3.5 4.0 4.5 5.0 
Ratio (Luminaire Spacing I Mounting Height) 
House Side 
Page 19 of 23 
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Report Number: 
Catalog Number: 
Description: J8.3 
Correction Factor Used. White 
Luminaire Details 
Luminaire Test Details: 
Photometry Type: Type CGamma 
Number of Lamps: I 
Lumens per Lamp: 1000 
Luminous Dimensions: 
Base Area: 0.032 m Diameter 
Side Area: N/A 
End Area: N/A 
Luminous Shape: Circular 
L- PhotometrkCenve v4.03 Copyright (C) Photometric Solutions International 2004.2008 
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ý; 
Photomstrk Solutions International Pry Ltd 
factory Two. 21.21 Railway Ave 
Huntingdale, Vic, 7166, AUSTRALIA 
Tot N1 3 9565 1871 
Faic +413 5565 1667 
www. Photom*trk S oludons. com 
Date: 18/12/2009 
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Report Number: 
Catalog Number: 
Description: /eJ 
Conecdon Factor Used: White 
TM5 Utilisation Factor Table 
Date: 18/1212008 
SHR < 0.5 " No UF Table or Graph can be Produced 
`PhotometrkCentre v4.03 Copyright (C) Photometric Solutions International 2004.2000 
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Photometric Solutions Intematlanal Pry Ltd 
Factory Two, 21.25 Ralhvay Ave 
Huntingdale, Vic, 2166, AUSTRALIA 
Tit +61 S 9569 1879 
Pax: +613 6568 4667 
www. Photometrlc$olutlons. com 
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Report Number: 
Catalog Number: 
Description: Jew 
Correction Factor Used., White 
TM5* Utilisation Factor Table 
Date: 18H21008 
Based on TM5. except using Min I Ave   0.8 as Spacing Criteria 
SHR < 0.5 
- 
No UF Table or Graph can be Produced 
PhotometrkCentn v1.03 Copyright (C) Photometrk Soludons Internadonal 2001-2008 
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Photomwtrk SoNidona Ntamatlonal Ply Ltd 
Factory Two, 21.29 Raihvay Ava 
Huntlnpdala, Vic. 2199, AUSTRALIA 
Toh. +913 95981879 
Fax: #612 9598 4667 
www. PhotometrkSolutlon9. eom 
Page it of 23 
233 
Report Number: 
Catalog Number: 
Description: Je-3 
Correction Factor Used: White 
Zonal Flux Diagram 
Cumulative 
Proportion 
of Lamp 
Output (%) 
100.0 
90.0 
80.0 
70.0 
60.0 
50.0 
40.0 
30.0 
20.0 
10.0 
0.0 
0.0 
9.0 18.0 27.0 36.0 45.0 
-PhotometricCentre v4.03 Copyright (C) Photometric Solutions International 2004-2008 
Photometrk Solutions international Pry Ltd 
%1 
.0 Factory two. 21.29 Railway Ave Nuntingdale. Vic, 2166, AUSTRALIA 
Tel: +413 9568 1871 
%% Fax: +613 9568 4647 
www. PhotometricSol tiona. com 
Date. 18.12/2009 
54.0 63.0 72.0 81.0 90.0 
Elevation Angle (°) 
Pape 20 of 23 
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7.4 Convex Lens 
Report Number: 
Catalog Number: 
Description: /e. 
Correctlon Factor Used: WMte 
CIBSE LG3 VDT Category 
Dm: 17/12/2009 
Category I Category 2 Category 3 
Starting Gamma Angle (') 55 0 650 750 
Final Gamma Angle (') 900 900 900 
Avg Luminance Found (cd/m' 5663 635 4 828 1 
Max Permissible (cd/m'): 2000 2000 2000 
Max Luminance Found (cd/m') 43890 43890 43890 
Max Permissible (cd/m') 5000 5000 5000 
Result 
rY 
7 
ýý 
MaromwnkContro v1.03 CopprqM (C) Mwfonwvk Solutlom InHrnmtlond 2001.2001 
f, %,! 1 0i 
--= 
i'i ý'ýýf /ýf 
Phototmnk 3oMA ons Mnana1 onal Ply Ltd 
Factory Two. 71.20 Rahway Ave 
MwiMtpdaI.. Vk. 71". AUSTRALIA 
TN: 
-413 0541 11179 
Far +413 9568 ISS7 
www. Photonw&ocSohi»ons. com 
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Distribution Photometry Report 
Report Number: 
Catalog Number: 
Description: je-4 
Correction Factor Used. White 
Filename: Je-4. IES 
Results For: Test Details 
Luminous Intensity Distribution 
LID (Lowest f0%) 
Luminous Intensity Data 
Luminous Flux Data 
Luminalre Luminance 
IsoCandela Diagram 
IsoLux Diagram 
IsoLux 3D 
illuminance Grid 
IESNA CoU Table 
TM5 OF Table 
TM5 UF Table (Variation) 
Roadway UF Graph 
Zonal Flux Diagram 
Luminance Limiting Curve 
CIBSE LG3 Rating 
Photometric Solid 
-PhotometrlcCentre v4.03 Copyright (C) Photometric Solutions international 20042008 
Photometric Solutions International Pry Ltd 
f` ýI sýI 
Factory Two, 21.29 Railway Ave 
Huntingdale, Vic, 3166, AUSTRALIA 
ý", ý; Tot Of 3 1511 1811 6\f Fax. +413 6568 4667 
www. Pholomt&kS*Iutions. com 
Date: 17/12/2009 
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Report Number: 
Catalog Number: 
Description: J4.1 
Correction Factor Used: White 
Illumination Levels 
y (m) 
3.0 
2.4 
1.8 
1.2 
0.6 
0.0 
-0.6 
"1.2 
"1.8 
"2A 
-3.0 
0.6 1.2 1.8 
Horizontal Illuminance 
All Illuminance values In lux 11000 Im 
Table Average: 1.24 Table Maximum: 33.9 Table Minimum: 0.00 
Mounting Height " 2.7 m 
PhotomadicCentn v4.03 Copyright (C) Phorometrk Solutions International 2004-2008 
Photomatrk Solutions International Pry Ltd 
f; 
,1g- 
Factory two, 21.21 Railway Ave 
-_ 
_-- 
Huntingdal.. Wc, 3161, AUSTRALIA 
If fax: +613 0568 4667 
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0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.01 
0.00 0.00 0.01 
0.00 0.00 0.01 
0.00 0.00 0.01 
0.00 0.01 0.01 
0.00 0.00 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 
0.00 0.00 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.02 
0.01 0.01 0.01 0.01 0.03 0.06 0.12 
0.01 0.01 0.02 0.04 0.15 0.45 0.84 
0.01 0.01 0.04 0.14 0.53 2.39 4.49 
0.01 0.02 0.06 0.35 2.41 7.92 14.7 
0.02 0.05 0.17 0.66 4.68 15.0 26.2 
0.02 0.06 0.21 1.01 6.16 18.3 27.2 
0.00 0.00 0.01 0.02 
0.00 0.00 0.01 0.01 
0.00 0.00 0.01 0.01 
0.00 0.00 0.01 0.01 
0.00 0.00 0.01 0.01 
0.00 0.00 0.00 0.01 
0.00 0.00 0.00 0.01 
0.00 0.00 0.00 0.01 
0.00 0.00 0.00 0.01 
0.00 0.00 0.00 0.00 
0.06 0.12 0.61 4.43 14.2 24.4 
0.03 0.07 0.28 2.03 7.18 13.6 
0.04 0.10 0.12 0.34 1.88 3.74 
Date: 17/12/2009 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 
0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 
0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
0.17 0.12 0.06 0.04 0.01 0.01 0.01 0.01 
1.18 0.83 0.46 0.16 0.04 0.02 0.01 0.01 
5.88 4.28 2.23 0.58 0.16 0.03 0.01 0.01 
18.0 13.7 6.91 2.13 0.42 0.05 0.01 0.01 
31.2 25.4 12.7 3.85 0.72 0.10 0.02 0.01 
33.9 29.4 16.0 5.06 0.99 0.15 0.03 0.01 
28.7 23.8 12.5 3.73 0.68 0.10 0.02 0.01 
16.4 12.8 6.43 1.91 0.35 0.05 0.02 0.01 
5.16 3.64 1.84 0.43 0.13 0.03 0.01 0.01 
0.04 0.04 0.05 0.12 0.27 0.52 0.83 
0.02 0.04 0.02 0.04 0.05 0.09 0.12 
0.03 0.02 0.01 0.02 0.02 0.03 0.03 
0.02 0.05 0.02 0.01 0.01 0.01 0.02 
0.02 0.04 0.02 0.01 0.01 0.01 0.01 
0.02 0.03 0.02 0.01 0.01 0.01 0.01 
0.02 0.03 0.01 0.01 0.00 0.01 0.01 
. 
7.0 
-2.4 -1.8 4.2 -0.8 0.0 
0.57 0.31 0.13 0.04 0.02 0.01 0.01 
0.09 0.05 0.03 0.02 0.01 0.01 
0.03 0.02 0.02 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.00 
0.01 0.01 0.01 0.01 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.01 0.00 0.00 0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.00 0.00 
0.01 0.01 0.00 
0.01 0.00 0.00 
0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
2.4 3.0 
x (m) 
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Report Number: 
Catalog Number: 
Description: jea 
Correction Factor Used White 
IsoCandela Diagram 
Date: 17 122009 
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Report Number: 
Catalog Number. 
Descrlptlon: /ea 
Correction Factor Used White 
IsoLux 3D 
Illuminance 
Ox) 
34 3 
27 4 
20 6 
13 7 
6.86 
-30 
ylnu 
-1. S 
C-0 0.0 
1. S 
3030 
PhotomerrlcCentre v1.03 Copyrlpht (C) Photometrtc SoNrtlons Intavnettorfal 20062008 
 
fý ! 
1ý' PhotonwMc Soluoonf MrfomaNonN Ply Ltd 
facfory Two. 21-21 RaNway Ave 
MunfNpdaN, Vh, 3164. AU3TRALIA 
T. L "1 I aStl 9276 
ýýý 
www. Idotonwbksolutlons. com 
Date. 17 122009 
0.0 
1S 
c-9o 
-1.5 
"3.0 
. 
Iml 
Page 14 of 23 
239 
Report Number: 
Catalog Number: 
Drrsuiptlon: J. 4 
Correction Factor Used. White 
IsoLux Diagram 
Legend 
Max = 34.3 
ý 
Height 
  
2.70 m 
I 27.4 (80.0'/0) 2.4 
I 20.6 (60.0%) 1.8 
13.7 
(40.0%) 
  6.9 1.2 
120.0%) 
03.4 0.6 
(10.0%) 
o. c 
c1so" 
-0. 
-1. 
-1. 
-3. 
C90" 
Date. 17,12/2009 
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Report Number: 
Catalog Number: 
Description: je-4 
Correction Factor Used. White 
Date: 17/12/2009 
Luminous Intensity Distribution (Lowest 10%) 
135.0' ýý 1S0.0 ý 15S 0" 180 0' ý156.0' 150.0' ýý ý 135.0' 
PhotomsdkC4rnn v4.03 Copyrlpht (C) PhotomsMc SoMwlons Intoºnatlond 2004-2009 
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Motom. trk Solutlona MK. matlond ft Ltd 
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Report Number: 
Catalog Number: 
Description: JO-4 
Correction Factor Used: White 
Average Luminance Table 
Date: 17/12/2009 
All luminance values expressed In cd I squ. m 11000 Im 
Azimuth: 0 45 90 135 180 235 270 315 
Elevation 
0 432000 432000 432000 432000 432000 432000 432000 432000 
45 321 247 173 247 247 3260 371 222 
55 183 274 274 122 213 183 213 274 
65 165 165 207 82.7 165 248 207 207 
75 67.5 0.0 0.0 0.0 67.5 405 1080 0.0 
85 0.0 0.0 0.0 0.0 401 0.0 15800 0.0 
L-- PhotometrkCentn v1.03 Copyright (C) Photometrk Solutions Intematlonal 20042008 
%I Photometric Solutions Antemst(onal Pty Ltd 
f% A# I Factory Two. 21"20 RallwayAve ý: ý"ý Nuntlngdale. Vk. 3166. AUSTRALIA 
rot 
. 
a1lasu1S7s 
%f Fax . 612 asu an ýýý 
www. PhotometrkSoNttlons. com 
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Report Number: 
Catalog Number: 
Description: Je-4 
Correction Factor Used: White 
Luminance Limiting Curve 
Date: 17/12/2009 
Glare 
Rating 
Quality Service Values of Illuminance (lx) 
Class 
1.15 A 2000 1000 500 <300 e f g h_ 
1.5 B 2000 1000 500 <300 
1.85 C 2000 1000 500 <300 
2.2 D 2000 1000 500 <300 
2.55 Ea bc d 2000 1000 500 <300 
7- 
85' 
7 
75° 
ý-8 
6 
Tan Y 
4 
9 
3 ý- 
65° 
55° 
45" 
800 1 000 2000 5000 
Luminance (cd I squ. m) 
0° C-Plane 
`- PhotometricCentre v4.03 Copyright (C) Photometric Solutions International 2004.2008 
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Photometric Solutions International Ply Ltd 
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Huntingdale, Vic. 3166, AUSTRALIA 
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90° C-Plane 
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Report Number: 
Catalog Number: 
Description: J.. 4 
Correction Factor Used: Whit. 
Luminous Flux Table 
Dab: 11/121009 
Elevation Cone Lumens Cumulative Lamp % Luminaire % 
0' 0.00'- 2.50' 1.5 1.5 0.1 3.0 
S" 2.50' 
- 
7.50' 10.9 12A 1.2 25.2 
10' 7.50' 
-12.50" 16.9 29A 2.9 59.6 
15' 12.50' " 17.50' 12.9 42.2 4.2 85.7 
20' 17.50' 
- 
22.50" 5.2 47A 4.7 96.1 
25" 22.50' 
- 
27.50' 1.1 48.5 4.9 98A 
30' 27.50' 
" 
32.50' 0.2 48.7 4.9 98.8 
35" 32.50' 
" 
37.50' 0.1 48.8 4.9 99.0 
40' 37.50' 
" 
42.50' 0.1 48.9 4.9 99.2 
45' 42.50' " 47.50' 0.1 49.0 4.9 99.3 
50' 47.50' 
- 
52.50' 0.0 49.0 4.9 99A 
55' 52.50' 
- 
57.50" 0.0 49.0 4.9 99.5 
60" 57.50' 
" 
62.50' 0.1 49.1 4.9 99.6 
65' 62.50' 
" 
67.50' 0.0 49.1 4.9 99.6 
70" 67.50' 
- 
72.50' 0.0 49.2 4.9 99.7 
75' 72.50' 
- 
77.50' 0.0 49.2 4.9 99.7 
80' 77.50' 
" 
82.50' 0.0 49.2 4.9 99.8 
85' 82.50' 
- 
87.50" 0.1 49.3 4.9 100.0 
90' 87.50" 
"90.00" 0.0 49.3 4.9 100.0 
Ught Output Ratio 
  
4.9% COLOR 
  
4.9%, ULOR 
  
0.0%) 
`PhotonKbkCantra v1.03 Copyright (C) Photomstrk Sohtdons Mtamadonal200L2001 
%II Photometric SoNnbns Intamadonal Pty Ltd 
%,. %1# 
.0 Paetory Two, 21"24 RalAvay Ava Muntingdala, Vk, 2164, AUSTRALUI 
Tat +412 4äU 1174 
dop P1 1% % Pax +i12 4äi1 Ki7 iI% 
www. PhotomserkSoludons. tom 
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Report Number: 
Catalog Number: 
Descrlptlon: Je. 1 
Correction Factor Used: White 
Date: 17/12/2009 
Luminous Intensity Table (cd 11000 Im) (Continued) 
y1C 360.0 
0.0 247 
5.0 236 
10.0 170 
15.0 81.8 
20.0 25.6 
25.0 5.2 
30.0 0.8 
35.0 0.2 
40.0 0.2 
45.0 0.1 
50.0 0.1 
55.0 0.1 
60.0 0.1 
65.0 0.0 
70.0 0.0 
75.0 0.0 
80.0 0.0 
65.0 0.0 
90.0 0.0 
6- PhotometrkCentn v4.02 Copyright (C) Photomevk Solutions Internatlonal 2W4-2008, 
%0# j ý; 
ý 
Photometric Solution, lntamational Pty Ltd 
Factory Two, 21-20 RaOway Ave 
Muntlnpdala, Vic. 3166, AUSTRALIA 
Tel: +413 9568 1879 
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www. PAotomatrkSolution,. c om 
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Report Number: 
Catalog Number: 
Description: je-4 
Correction Factor Used. White 
Luminous Intensity Distribution 
Cz0.0' 
C  736.0' 
Csy/0.0' 
Date: 17/1212009 
0.0- 1 6.0' 
Cý45.0' 
G 180.0' 
C  315.0' 
Photometric Centre v4.03 Copyright (C) Photometric Solutions International 2004-2008 
f'iýý ý 
Iý\ 
Photometric Solutions International Ply Ltd 
Factory Two, 21.29 Rahway Ave 
HuntMydale. VIc, 3164, AUSTRALIA 
Tel: +413 ! 5641874 
Fax: K1 7 4544 4667 
www. Photometric Solutions. c om 
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Report Number: 
Catalog Number: 
Description: /e-4 
Correction Factor Used: White 
Photometric Solid 
Viewing Angle: C- 315° 
PhotometrlcCentre v1.03 CopyrfgM (C) Photometric Solutions IntematlaN1200/-2008 
1 
01' 
.,,. 
I1i1j%\% 
Photomatrk Solutions International ft Ltd 
Factory Two. 21.29 RaNwey Av. 
Hunting"*. Vk, 7188, AUSTRALIA 
T. +91 3 9588 1879 
Fax: K1 3 9598 1887 
www. Phormnetric3okibons. com 
Date: 17'12/2009 
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Report Number: 
Catalog Number: 
Description: Je-4 
Correction Factor Used: White 
Roadway Utilisation Factor Graph 
Utilisation 
Factor 
ýý 
0.0 0.5 1.0 1.5 
Street Side 
2.0 2.5 
PhotometrkCentn v4.03 Copyright (C) Photometric SoMlons International 2004-2008 
*.. 
ý.. 1. s. i 
--; =-- 
/ýý 
1o. o 
9.0 
8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 
o. o 
Photometric Soknions Ndernatlonal Pty Ltd 
Factory Two, 21.21 Railway Ave 
Mundngdah. Vk, 7164, AUSTRALIA 
Tel: 
-413 9568 1870 
Fax: +613 4566 4667 
www. Pho tometrk $oludon s. c om 
Date: 17/12/2009 
3.0 3.5 4.0 4.5 5.0 
Ratio (Luminaire Spacing I Mounting Height) 
House Side 
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Report Number: 
Catalog Number: 
Description: 0-4 
Correction Factor Used., White 
Luminaire Details 
Luminaire Test Details: 
Photometry Type: Type CJGamma 
Number of Lamps: 1 
Lumens per Lamp: 1000 
Luminous Dimensions: 
Base Area: 0.027 m Diameter 
Side Area: N/A 
End Area: N/A 
Luminous Shape: Circular 
6-PhototmtrkCaºtn v1.03 Copyright (C) Photometric Solutions lnttrnadona12001-2008 
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PhoronNtrk Solutlona 1nt«nnbnal PW Ltd 
Factory Two, 21.21 Raiiway Ava 
Mundnydala, Vk, 2111, AUSTRALIA 
Tel. +11 2 1568 1171 
Paw +413 1568 4667 
www. PhotomedkSoludont. com 
Date: 17/12/2009 
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Report Number: 
Catalog Number: 
Description: Je-4 
Correction Factor Used., White 
TM5 Utilisation Factor Table 
Date: 17/12/2009 
SHR c O. S " No UF Table or Graph can be Produced 
PhotomehkCentn v1.03 Copyright (C) Photomehk SoNtMni Intemadonal 2W4-2008, 
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I' 
Photom. nk SoluHons Att. madonai Pty Ltd 
Factory Two. 21.21 Railway Av. 
Huntlnydal., Vk, 2116, AUSTRALIA 
Tot +91215411171 
Par +613 t5os 4641 
www. Pl wtormdk Solueions. eom 
Papa 17 of 23 
250 
Report Number: 
Catalog Number: 
Description: J04 
Correction Factor Used. White 
TM5* Utilisation Factor Table 
Date: 17/12/2009 
' Based on TMS. except using Min I Ave " 0.8 as Spacing Criteria 
SHR c 0.5 
- 
No UF Table or Graph can be Produced 
t-Photom. trlcC. ntr. v4.03 Copyright (C) Photometric solutions tnt. rnatonal2004.2008 
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Photom. trk Solldons ht. madonal Pry Ltd 
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Report Number: 
Catalog Number: 
Description: 04 
Correctlon Factor Used., Mte 
Zonal Flux Diagram 
Cumulative 100.0 
Proportion 
of Lamp 
Output (x1 90.0 
80.0 
70.0 
60.0 
50.0 
40.0 
30.0 
20.0 
10.0 
0.0 
0.0 9.0 18.0 27.0 36.0 45.0 
`PhotornrtrkCrntrr v4.02 Copyright (C) Photom. Mc Sotugoni Mtsrnathmd 2004-2001 
Photom. trk Sohrtloni IntMnatlonsl ºy Ltd 
fýý, I factory Two, 21.21 RaOway Avr 
Muntlngdd., Vk, 3144, AUSTRALIA 
T. k +i1 S 954//179 
%f fat Ni ! 9568 4647 ýý% 
www. Photom. trklotutlons. som 
Date: 17/12/2009 
54.0 63.0 72.0 81.0 80.0 
Elevation Angle (") 
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7.5 Acrylic Rod 
Report Number. 
Catalog Numbs: 
Dsccrlptlon: /e4 
Correction Factor Used. ' While 
CIBSE LG3 VDT Category 
Date: 17'1212009 
Category 1 Category 2 Category 3 
Starting Gamma Angle (') 550 650 75 0 
Final Gamma Angle (') 900 900 900 
Avg Luminance Found (cd/m' 1747 2072 2532 
Max Permissible (cd/m') 2000 2000 2000 
Max Luminance Found (cd/m') 12680 12680 12680 
Max Permissible (cd/m') 5000 5000 5000 
Result 
MofwnwbkConav v4.03 CopyrgM (C) ºhotanobk SoMrtlons InwnatlwN12001.20W 
IAoronMnk Sobtlons hnrnatlond Ply Ltd 
ýý Iiý /actoro Tvo. 21"" RaMvav Ava 
,. -- ... ý_ IS. .... ..... r. MuntlnydMo. Vk. »a. AUfTRAW 
- rot H1 7 M. No/t7$ 
ýýý ýWob Fax: *413 Ms 4{7 ýý% 
www. MwlonwtrkSolutlens. eom 
Page 22 of 23 
253 
Distribution Photometry Report 
Report Number: 
Catalog Number: 
Description: je-6 
Correction Factor Used: White 
Filename: je-6. IES 
Results For: Test Details 
Luminous Intensity Distribution 
LID (Lowest 10%) 
Luminous Intensity Data 
Luminous Flux Data 
Luminare Luminance 
IsoCandela Diagram 
IsoLux Diagram 
IsoLux 3D 
Illuminance Grid 
IESNA CoU Table 
TM5 UF Table 
TM5 UF Table (Variation) 
Roadway UF Graph 
Zonal Flux Diagram 
Luminance Limiting Curve 
C1BSE LG3 Rating 
Photometric Solid 
`-PhotometricCentre v4.03 Copyright (C) Photometrk Solutions Internatonal2004-2005 
Photometric Solutions International Pry Ltd 
%;, Factory Two, 21.21 Railway Ave 
, Huntingdalo, Vic, 2168, AUSTRALIA 
O",; % TerKi385681871 4f Fax: +613 0568 4667 
www. PhotometrkSoludons. com 
Date: 17/12/2009 
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Report Number: 
Catalog Number: 
Description: Jas 
Correction Factor Used: White 
IESNA Coefficients of Utilisation Table 
Coiling 
Cavity 
Reflect: 
Wall 
RefNct: 
Room 
Cavity 
Ratio 
0 
I 
t 
3 
4 
$ 
S 
1 
B 
9 
10 
80% 
50% 30% 10% 
0.02 0.02 0.02 
0.02 0.02 0.02 
0.02 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.00 0.00 
70% 
50% 30% 10% 
0.02 0.02 
0.02 0.02 
0.02 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.00 
50% 
50% 30% 10% 
Dato: 17/12/2009 
30% 10% oX 
50% 30% 10% 
Coefficients of Utilisation for 20% 
Effective Floor Cavity Reflectance 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.02 0.02 0.02 
0.02 0.02 0.02 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.00 0.00 
0.01 0.00 0.00 
0.02 0.02 0.02 
0.02 0.02 0.02 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.00 0.00 
0.01 0.00 0.00 
`-Photon>etrkCentn v4.03 Copyright (C) Photometric Solutions International 20042008 
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Photometric SohMons lntsmatlonal Pry Ltd 
Factory Two. 21.21 Railway Ave 
HunUngdals, Vic. 2166, AUSTRALIA 
Tot. +612 6568 1871 
Pax +413 1568 4667 
www. PhotometrkSolutlons. com 
50% 30% lox 
0.02 0.02 0.02 
0.02 0.02 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.00 
0.01 0.01 0.00 
0.01 0.00 0.00 
0.01 0.00 0.00 
0% 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
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Report Number: 
Catalog Number: 
Description: J44 
Correction Factor Used: White 
Illumination Levels 
y (m) 
3.0 
2A 
1.6 
1.2 
0.6 
0.0 
. 
0.6 
-1.2 
"1.6 
-2A 
. 
3.0 
0.0 o. t 
0.11 0.11 0.11 
0.13 0.13 0.12 
0.16 0.1S 0.14 
0.19 0.17 0.16 
0.21 0.20 0.16 
0.24 0.22 0.21 
0.27 0.25 0.22 
0.29 0.27 0.24 
0.31 0.26 0.25 
0.32 0.29 0.26 
0.33 0.30 0.26 
0.32 0.29 0.26 
0.31 0.26 0.25 
0.32 0.31 0.29 0.27 
0.29 0.28 0.27 0.25 
0.26 0.25 0.24 0.22 
0.22 0.22 0.21 0.20 
0.19 0.19 0.16 0.18 
0.16 0.16 0.16 0.15 
0.14 0.14 0.14 0.13 
0.12 0.12 0.12 0.12 
0.24 
0.22 
0.10 0.10 
0.12 0.11 
0.13 0.12 
0.15 0.14 
0.17 0.1S 
0.19 0.17 
0.20 0.18 
0.21 0.19 
0.22 0.20 
0.23 0.20 
0.23 0.20 
0.23 0.20 
0.22 0.20 
0.21 0.19 
0.20 0.18 
0.20 0.19 0.11 
0.19 0.17 0.15 
0.16 0.15 0.14 
0.15 0.14 0.12 
0.13 0.12 0.11 
0.11 0.11 0.10 
1.2 1.8 2.4 3.0 
X (m) 
Horizontal Illuminance 
All Illuminance values In lux 11000 Im 
Table Average: 0.16 Table Maximum: 0.37 Table Minimum: 0.03 
Mounting Height 
  
2.7 m 
16-Photom. vicC. ntr. vl. gA Copyright (C) Photometric soluaon. Int. m. tlonal20W. I008 
1 
ýo` 
1 
0.03 0.03 0.04 0.04 
0.03 0.03 0.04 0.05 
0.03 0.04 0.04 0.05 
0.03 0.04 0.05 0.06 
0.04 0.04 0.05 0.06 
0.04 0.05 0.06 0.07 
0.04 0.05 0.06 0.01 
0.04 0.05 0.06 0.08 
0.04 0.05 0.07 0.08 
0.04 0.05 0.06 0.09 
0.05 0.05 0.06 0.07 0.08 
0.05 0.06 0.07 0.08 0.09 
0.06 0.07 0.08 0.09 0.10 
0.07 0.08 0.09 0.11 0.12 
0.08 0.09 0.10 0.12 0.14 
0.08 0.10 0.12 0.14 0.16 
0.09 0.11 0.13 0.16 0.18 
0.10 0.12 0.14 0.17 0.20 
0.11 0.13 0.15 0.18 0.22 
0.13 0.20 0.15 0.19 0.23 
0.04 0.05 0.06 0.09 0.14 0.22 
0.04 0.05 0.07 0.10 0.14 0.16 
0.04 0.05 0.07 0.09 0.12 0.14 
0.04 0.05 
0.04 0.05 
0.04 0.05 
0.04 0. os 
0.04 0.04 0.03 0.04 
0.03 0.04 
0.03 0.03 
0.07 0.08 0.13 0.19 
0.06 0.09 0.12 0.14 
0.06 0.08 0.10 0.13 
0.05 0.07 0.10 0.11 
0.05 0.06 0.09 0.13 
0.05 0.06 0.08 0.11 
0.04 0.05 0.08 0.10 
0.04 0.05 0.07 0.08 
0.29 
0.27 
0.24 
0.21 
0.19 
0.23 0.24 0.25 0.25 0.25 
0.26 0.20 0.29 0.29 0.2$ 
0.29 0.31 0.32 0.32 0.31 
0.32 0.34 0.35 0.34 0.33 
0.34 0.34 0.36 0.36 0.35 
0.35 0.36 0.37 0.37 0.35 
0.33 0.36 0.37 0.37 0.35 
0.32 0.34 0.35 0.35 0.33 
0.30 0.32 0.33 
0.21 0.26 0.29 
0.23 0.25 0.26 
0.20 0.21 0.22 
0.16 0.17 0.16 0.19 
0.14 0.15 0.16 0.16 
0.12 0.13 0.13 0.14 
0.10 0.11 0.11 0.12 
0.16 0.19 0.23 
0.16 0.19 0.23 
Cate: 17/12/200! 
0.00 0.09 0.10 0.10 0.11 0.11 0.11 
0.10 0.11 0.12 0.12 0.13 0.13 0.14 
0.11 0.13 0.14 0.15 0.15 0.16 0.16 
0.13 0.15 0.17 0.17 0.18 0.19 0.18 
0.16 0.18 0.20 0.21 0.21 0.22 0.22 
0.18 0.21 
0.21 0.24 
0.23 0.26 
0.25 0.29 
0.26 0.31 
0.26 0.31 
0.26 0.31 
0.16 0.18 0.22 0.25 
0.16 0.18 0.21 0.24 
0.14 0.16 0.19 0.21 
0.13 0.15 0.17 0.19 
0.11 0.13 0.14 0.17 
0.10 0.11 0.13 0.14 
0.09 0.10 0.11 0.12 
0.09 0.09 0.09 0.11 
0.08 0.07 0.08 0.09 
. 
J. O 
-2. I "1.8 "12 -0.6 
Photometric Solutions MMmatlonal Pty Ltd 
Factory Two, 21.20 Railway Ave 
Hundngda 
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Report Number: 
Catalog Number: 
Description: Je-6 
Correction Factor Used White 
IsoCandela Diagram 
Legend 
(cd 1 1000 Im) 
Max=7.9 
  7.1 (90.0%) 
3.9 (50.0%) 
0.8 (10.0%) 
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All luminous intensity values in cd 11000 Im 
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Report Number: 
Catalog Number: 
Description: je-6 
Correction Factor Used: White 
IsoLux 3D 
Date: 17/12/2009 
-3.0 
ý nni 
0.0 
= co 
1.5 
3.0 3.0 
PhotometricCentre v4.03 Copyright (C) Photometric Solutions International 2004-2008 
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0.0 
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Report Number: 
Catalog Number: 
Description: /e-6 
Correction Factor Used: White 
IsoLux Diagram 
Legend 
Max = 0.37 
Height = 2.70 m 
Y. (M) 
0.3 
(80.0%) 2.4 ý 
0.2 
ý 
  
(60.0%) 
,e/ 1.0 
0.1 
(40.0%) 
0.1 1.2   
(20.0%) 
0.0 0.6 
(10.0%) 
0.0 
C180" 
-0.6 
-1.2 
-1. 
-2. 
-3. 
l 
/ 
! 
I 
C90° 
V 
Date: 17/1212009 
-_-",, 
- ý' 
I ý. 
H 
\ I 
ý' 
ý\ 
ý 
` 
ý 
,.. 
-3.0 -2.4 -1.6 -1.2 -0.6 0.0 0.6 
C270° 
All illuminance values in Ix 11000 Im 
PhoromerrkConrry v1.03 Copyright (C) Phoromebic SoMnbm ImamatiorW 2001-2008 
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Photometric Sohmon. Int. rnatlonal Pty Ltd 
Factory Two. 21.21 Rahway Ave 
Huntingdal., Vic, 3166, AUSTRALIA 
TN: +413 05411 1879 
Fax: +41 3 9568 4667 
www. PhotomotHcsokniong. com 
1.2 
Co* 
1.8 2.4 3.0 
x (m) 
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Report Number: 
Catalog Number: 
Description: je-6 
Correction Factor Used White 
Date: 17/12/2009 
Luminous Intensity Distribution (Lowest 10%) 
720.0 
IOS-0 
60-O. 70-O. 80- O. 90-1.00v9D. 0"1 
75.0" 
Ca0.0' 
Ca 135.0' 
"C=270.0° 
PhotometncCentre v4.03 Copyright (C) Photometric Solutions International 2004.2008 
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Photomtrk Sokmons International Ply Ltd 
Factory Two. 21.19 Railway Ave 
Huntingda*, Vk, 316S, AUSTRALIA 
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Report Number: 
Catalog Number: 
Description: Je4 
Correction Factor Used: White 
Average Luminance Table 
Date: 17/12/2000 
All luminance values expressed In cd I squ. m 11000 Im 
Azimuth: 0 45 90 135 180 235 270 315 
Elevation 
0 317 317 317 317 317 317 317 317 
45 949 804 452 281 213 561 484 812 
55 1240 1100 552 317 226 385 599 1120 
65 1690 1700 786 420 220 516 863 1700 
75 2310 3210 1360 734 212 914 1660 3250 
85 2310 9110 3860 2020 307 2940 6910 11900 
L---PhotometricCentn v1.03 Copyright (C) Photometrk SOIUtIonf International 2004-ZOOS 
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www. Photomtrk3okidons. com 
Page f1 of 23 
261 
Report Number: 
Catalog Number: 
Description: J44 
Correction Factor Used: White 
Luminance Limiting Curve 
Date: 17/1212009 
Glare 
Rating 
Quality 
Class 
Service values of illuminance (lx) 
1.15 A 2000 1000 500 <300 e f h 
1.5 B 2000 1000 500 <300 
1.85 C 2000 1000 500 <300 
2.2 D 2000 1000 500 <300 
2.55 E a b c d 2000 1000 500 <300 
85" 
7 
75° 
65 
55 
4 
/ ý 
-6 
h 
t 
b c d ý f 
800 1000 2000 soon 10000 
Luminance (cd I squ. m) 
- 
0° C-Plane 
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90° C-Plane 
20000 
an 7 
2 
1 30000 40000 
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Report Number: 
Catalog Number: 
Description: /eö 
Correctlon Factor Used: White 
Luminous Flux Table 
Date: 17/12/2009 
Elevation Cone Lumens Cumulative Lamp % Luminairs% 
0' 0.00' " 2.50' 0.0 0.0 0.0 0.1 
5' 2.50' " 7.50" 0.1 0.1 0.0 0.7 
10' 7.50' 
-12.50' 0.2 0.3 0.0 1.8 
15' 12.50'"17.50' 0.3 0.7 0.1 3.6 
20' 17.50' " 22.50' 0.4 1.1 0.1 6.1 
25' 22.50' " 27. W 0.6 1.7 0.2 9.2 
30' 27.50' " 32.50' 0.7 2.4 0.2 13.0 
35' 32.50' " 37.50' 0.8 3.2 0.3 17.5 
40' 37.50' " 42.50' 0.9 4.1 0.4 22.6 
45' 42.50' " 47.50' 1.1 5.2 0.5 28.4 
50' 47.50' " 52.50' 1.2 6.4 0.6 34.8 
55' 52.50' 
- 
57.50' 1.3 7.6 0.8 41.8 
60' 57.50' " 62.50' 1.4 9.0 0.9 49.5 
65' 62.50' 
- 
67.50' 1.5 10.5 1.1 57.6 
TV 67.50' 
-72.50* 1.6 12.1 1.2 66.4 
75' 72.50' 
. 
77.50' 1.7 13.9 1.4 76.0 
80' 77.50' " 82.50' 1.9 15.7 1.6 86.2 
85' 82.50' " 87.50' 1.9 17.6 1.8 96.5 
90' 87.50' " 90.00' 0.6 18.3 1.8 100.0 
Ught Output Ratio 
  
1.8% (DLOR a 1.0%. ULOR 0 0.0%) 
PhotomNrkCentm v4.03 Copyright (C) Photometrk Sohrtlons International 20042008 
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Report Number: 
Catalog Number: 
Description: Jae 
Correction Factor Used., WMte 
Date: 17/12/2009 
Luminous Intensity Table (cd 11000 Im) (Continued) 
1 %C 320.0 325.0 330.0 335.0 340.0 345.0 350.0 355.0 360.0 
0.0 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 
5.0 2.5 2A 2A 2.5 2.3 2.5 2.5 2.5 2.5 
10.0 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 
15.0 2.8 2.9 2.9 2.9 3.0 3.0 3.0 3.0 3.0 
20.0 3.0 3.1 3.1 3.2 3.3 3.3 3.2 3.3 3.3 
25.0 3.3 3.4 3.4 3.5 3.5 3.6 3.6 3.6 3.6 
30.0 3.5 3.6 3.7 3.7 3.8 3.9 3.9 3.9 3.9 
35.0 3.8 3.9 4.0 4.0 4.1 4.2 4.2 4.2 4.2 
40.0 4.0 4.2 4.2 4.4 4.4 4.5 4.5 4.5 4.5 
45.0 4.3 4.4 4.5 4.6 4.7 4.7 4.8 4.7 4.8 
50.0 4.5 4.6 4.8 4.9 5.0 5.0 5.0 5.0 5.0 
55.0 4.8 4.8 5.0 5.1 5.1 5.2 5.2 5.0 5.1 
60.0 5.0 5.2 5.3 SA SA $A 5.3 5.1 5.2 
65.0 5.3 5.5 5.6 5.7 5.6 5.5 5.3 5.1 5.1 
70.0 5.7 5.9 6.0 6.0 5.9 5.6 5.3 5.0 4.8 
75.0 6.3 8.4 6A 6A 6.2 5.9 5.2 4.6 4.2 
80.0 6.9 7.1 7.1 7.0 6.6 5.9 4.9 3.8 3.1 
85.0 7.7 7.9 7.8 7.5 6.8 5.4 4.0 2.3 IA 
90.0 4.8 5.0 4.9 4.6 4.2 3.0 2.2 0.9 0.1 
L- ihotomettkC. nan v1.03 copyright (t: ) ihotom. trk SoMions lnhmadond 2004.2005 
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Report Number: 
Catalog Number: 
Description: /e-6 
Correction Factor Used: White 
Luminous Intensity Distribution 
PhotometrlcCentre v4.03 Copyright (C) Photometric Solutions International 2004.2008 
Photometric Solutions International Ply Ltd 
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Report Number: 
Catalog Number: 
Description: j. 4 
Correction Factor Used White 
Photometric Solid 
Viewing Angle: C= 315° 
PhotometncCentre v1.03 Copyright (C) Photometric Solutions International 2004-2008 
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Report Number: 
Catalog Number: 
Description: Je-6 
Correction Factor Used White 
Roadway Utilisation Factor Graph 
Utilisation 
Factor 
lý 
00 os 1.0 1.5 2.0 2.5 
Date: 17/12/2009 
3.0 3.5 4.0 4.5 5.0 
Ratio (Luminaire Spacing I Mounting Height) 
Street Side 
Photometric Centre v4.03 Copyright (C) Photometric Solutions International 2004-2008 
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f% %1 
/1f 
10.0 
9.0 
8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 
00 
Photomatrk Soluttons Intarnatlonal Ply Ltd 
Factory Two. Z1-Z6 Railway Ave 
Munringdak, Vk, 7166. AUSTRALIA 
Td: H1 3 9548 1179 
Fax: +41 3 6566 4647 
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Report Number: 
Catalog Number: 
Description: Jab 
Correction Factor Used: White 
Luminaire Details 
Luminaire Test Details: 
Photometry Type: Type C/Gamma 
Number of Lamps: 1 
Lumens per Lamp: 1000 
Luminous Dimensions: 
Base Area: 0.025m X 0.290m 
Side Area: N/A 
End Area: N/A 
Luminous Shape: 2D Rectangle 
`- PhotometricCsntre v4.03 Copyright (C) Photometrk Solutions IntsrnotknN 2004.2008 
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Report Number: 
Catalog Number: 
Description: lad 
Con-ectlon Factor Used: White 
TM5 Utilisation Factor Table 
Dato: 17/12/2009 
SHR s 0.5 
- 
No UF Table or Graph can be Produced 
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Report Number: 
Catalog Number: 
Dascrlption: Jab 
Correction Factor Uad: WNto 
TM5* Utilisation Factor Table 
Date: 11/12/2009 
" Based on TMS. except using Wn I Ave " 0. $ as Spacing Crlaria 
SHR < 0.5 " No UP Table or Graph can be Produced 
&-PhotonwtrkCantn y1.03 CopYnonr (C) Photolmtrk Solut/onllnamadotw1200b2001 
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Report Number: 
Catalog Number: 
Description: Je-6 
Correction Factor Used: White 
Zonal Flux Diagram 
Cumulative 
Proportion 
of Lamp 
Output (%) 
100.0 
90.0 
80.0 
70.0 
60.0 
50.0 
40.0 
30.0 
20.0 
10.0 
0.0 
0.0 9.0 18.0 27.0 36.0 45.0 
Date: 17/12/2009 
54.0 63.0 72.0 81.0 90.0 
Elevation Angle (°) 
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